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THE WORLD'S OCEAN-GOING TRADE

WITH SPECIAL REFERENCE TO BRITISH SHIPPING

By Brysson Cunningham, B. E., Assoc. M. Inst. C. E.

THE maiden voyage
of the Baltic, the

launching of the

Caronia, the building

of the Carmania and
the placing of the

orders for the new
25 -knot turbine
Cunard Line steam-

ships are events of

sufficient moment in

the annals of the

mercantile marine to

direct attention to

the present position

of Great Britain and
the continued expansion of her policy

and operations. That there is, and
has hitherto been, a marked prepon-

derance of vessels flying the British

flag upon the great ocean routes, is a

matter of such common knowledge as

to render the observation commonplace.
But it fails to sum up the whole situa-

tion and, moreover, gives only an inade-

quate idea of the state of affairs in the

maritime world. The object of the

present article will be to throw some
definite light upon the past history, the

present position, and the future pros-

pects of British oversea trade.

The number of people who compre-

hend with any degree of accuracy the
exact position of Great Britian in rela-

tion to the maritime commerce of the
world is probably small. Most people
are, of course, aware of certain general
facts and conscious of general impres-
sions, from which they augur that it is

a position of very great, if not supreme
importance. For instance, they are

cognisant of the fact that Great Britain

maintains the most powerful navy in the
world and, in a great measure, this can
be attributed to the existence of very
valuable interests on the high seas.

Then there are the facts of insularity

and of a comparatively enormous sea-

board, conditions which obviously foster

oversea trading, especially when a coun-
try is densely populated and incapable

of producing internally sufficient sup-
plies for its inhabitants. Lastly, there

is the influence and effect of heredity; the

Anglo-Saxon race is essentially a sea-

loving and a sea-roving race, and in the

veins of its present day representatives

courses the blood of the Vikings and
Berserkers of old.

Thus, by geographical position and
inherited instinct alike, there is every
reason to expect maritime enterprise of

considerable development. This ex-

pectation, moreover, is justified and

Copyright, 1903, by the Cassier Magazine Co.
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confirmed by daily experience. The
harbours and docks along the British

coast are crowded with shipping, mostly
of British nationality, and from time to

time comes the announcement of the

launch from British shipyards of yet an-

other ocean leviathan—" the largest

steamship afloat."

In spite, however, of all these data

and observations, with their almost in-

separable inferences, the average Briton

realises only imperfectly the splendid

position which his country has achieved

and maintained in the international con-

test for maritime supremacy.
The reason is not far to seek. It is

because he has no definite standard of

comparison. Without some external

source of reference, the judgment must
inevitably be at fault. A man may have
a giant's stature and yet little apprecia-

tion of the fact from a survey of his own
image in the mirror.

It is not, indeed, until one comes
seriously to the study of international

returns, that any true insight into the

matter is obtainable. Statistics afford

the necessary basis for comparison and
a means of estimating the relative im-

portance of the various competitors.

It is true that figures are, in general,

tedious reading, and it must also be ad-

mitted that they rest under the imputa-

tion of being more flexible and adaptable

than is quite consistent with reliability.

Hence, they have come to be regarded
with distrust, and even with aversion.

This attitude, however, on the whole
is scarcely justifiable. Properly treated

and rightly interpreted, statistics furnish

most useful and trustworthy information,

and he is but an indifferent man of

affairs who neglects the lessons they

teach. To the thoughtful student they

afford a certain charm and fascination,

and in presenting in this article a few of

the deductions to be derived and the

results to be obtained therefrom, an en-

deavor will be made to give prominence
to their more interesting characteristics.

The naval supremacy of Great Britain

is a theme, of course, upon which much
might be written. With this form of

maritime greatness, however, we are

not at present concerned. Our imme-

diate purview is the field of commercial
enterprise; and we must restrict it to a

limited period of recent date; otherwise,

we should find ourselves exceeding all

reasonable bounds of space.

The early part of the nineteenth cen-

tury constituted an epoch of supreme
importance in the history of navigation,

in that it signalised the definite intro-

duction of steam as a motive power.

Attempts had certainly been made to

propel vessels by this means at much
earlier periods; in the first instance by
the Spaniards in 1543, then by the

French in 1707, and in England in 1736;
but it was not until Robert Fulton ap-

peared in America on the banks of the

Hudson in 1807, that anything really

tangible and effective was realised.

Then, in 181 2, the Comet began her

passenger service on the Clyde, and in

1 82 1, the Aaron Manby, the first iron

paddle steamer, left England for France.

At this date, steam propulsion may be

deemed to have acquired definite recog-

nition, though it was then still confined

to river and coastwise navigation.

The Savannah, an American-built

ship, had certainly crossed the Atlantic

in 1819; but, in her case, steam was
simply an auxiliary to sail power, and

was utilised on only eighteen out of the

thirty-five days during which the voyage

lasted. The first British Atlantic steamer

was the Royal William, built at Quebec
in 1 83 1. The first Cunarder, the Britan-

nia, came in 1840; the first Allan liner,

the Canadian, in 1854; the first Anchor
liner, the Tempest, contemporaneously

with the first boat, the Borussia, of the

Hamburg-American line, in 1856; and

the pioneer of the White Star Line, the

Oceanic (I) in 1870.

The earliest steamers were paddle-

wheel ships and they continued in vogue

for over half a century. As late as 1862

the Cunard company built the Scotia—
acknowledged to be the finest vessel of

her day, excepting only the Great East-

ern—of that type. The first vessel

fitted with a screw propeller was the

Francis B. Ogden, built in 1837. Eight

years later came the G?eat Britain, the

first iron screw steamer to appear on
the Atlantic service. Twin screws came



CASSIER'S MAGAZINE

- 'A

- x
> O
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in between i860 and 1865 to be followed with the relative development of the
soon after by triple screws, though only mercantile marine throughout the world,
with partial favour. The steam turbine In 1840 we find that the British reg-
passed out of the experimental stage in istered tonnage of steamships was only
1894, and, after trial on the Clyde, has 95,807 tons. At the same date the
been adopted for the new Allan liner, United States had a total registered
the Victorian, recently launched, for (enrolled and licensed) steam tonnage
the Carmania, to be launched next year, of 202,340 tons—a figure considerably
and for the 25-knot steamers now on in excess of the British figure. The
the stocks. steam tonnage of Great Britain, how-
The year 1858 was, of course, re- ever, rose steadily and rapidly to 1,202,

-

markable for the advent of the Great 134 tons in 1870, at which date it passed
Eastern and, without dwelling further the American contemporary total of

upon the vicissitudes and fate of that 1,075,195 tons, and from that time on-
luckless vessel, whose principal fault wards the lead has not only been main-
was her premature creation, it is inter- tained, but greatly increased, until in

esting to compare her leading dimen- 1903 the totals were 3,029,386 British

sions with those of four of the largest and 3,408,088 American. The only
vessels of recent date, as given in the other competitor of importance is Ger-
following table:

—

many, with a present tonnage of a mil-

, Length . ,—Breadth—

,

Between Per- Paddle Loaded Gross
Vessel Over All pendiculars Hull Box Depth Draught Tonnage Speed

Ft. Ft. Ft. Ft. Ft. Ft. Tons Knots
Great Eastern 693 680 83 120 58 35 18,915 14
Baltic 725^ 709 75 ... 49 37^ 24,000 17
Cedric 697^ 680 75 ... 48% 37 21,000 16%
Oceanic 70s 685 68 ... 49 30^ 17,274 20^
Kaiser Wilhelm II 706^ 683 72 ... 52% 29 20,000 23

Although the Great Eastern marked lion and a half, having risen from 82,-

an attainment in size which was not sur- 000 tons in 1870. France and Norway
passed for the ensuing forty years, pro- have each just over half a million tons to

gress continued to be made in other their credit.

directions, principally in regard to speed If we treat shipping as a whole, in-

and economical working. The Royal eluding sailing vessels, we find the Brit-

William in 1838 took over forty days ish superiority still more strikingly

to make the voyage from Quebec to realised. In 1840 the total British ton-

London. The present record duration nage was 3,311,538 as compared with

of the run from New York to Plymouth 2,140,625 tons of the United States

or Queenstown is 5 days 7^2 hours. (and of this only 899,765 tons were
About 1850, the standard was rij£ registered for foreign trade, the re-

knots per hour; in i860, 12 to 13 knots; mainder being enrolled and licensed for

in 1884 the Umbria and Etruria raised river, lake and coasting service, and for

it to 20 knots; in 1893 theEiicania and the cod and mackerel fisheries), 662,-

Campania, to 22 knots, and in 1901-2, 500 tons of France, and 276,697 tons

the Deutschland and the Kronprinz of Norway.
Wilhelm to 23^ knots. According to the latest and recently

Whilst, however, this record of the issued Board of Trade tables, containing

progress of steam navigation, marking returns up to the years 1902-03, the

as it does the energetic pioneering of registered tonnage of the principal mari-

British shipowners and shipbuilders, is time countries of the world lies between
engrossing, it does not completely ful- 29 and 30 million tons. Of this the

fill the aim and intention of the present British Empire owns nearly 12 million

article which are to include a review and tons (the United Kingdom alone claim-

a comparison of British and foreign ing over 10 million tons) and the nearest

oversea trade. Accordingly, we must competitor is the United States with 6

leave this branch of the subject to deal million tons, of which only 888,776
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tons, or less than in 1840, are registered Germany carries off the palm. There
for foreign trade. Germany with two are four German vessels which surpass
million tons, Norway with 1 ^ million the fastest British vessels. The four are
tons, and France with 1 million tons are the Deutsckland, the Kronprinz Wil-
considerably in the rear. helm, the Kaiser Wilhelm II., and the
To illustrate the foregoing figures and Kaiser Wilhelm der Grosse, all of which

show the comparative expansion of the have speeds varying between 22^ and
various countries, the diagram on page 23^ knots. It lies apparently with the
8 has been prepared. The curves in- Cunard Line to wrest the superiority

dicate the average rate of progress dur- from her foreign rivals with her forth-

ing the period 1840- 1902. • The upward coming auxiliaries.

tendency of British shipping and latterly So far we have not dealt with the
also of that of the United States, is very question of trade. Let us now consider
marked. It has, however, been already the tonnage of shipping actually en-

pointed out that the bulk of the Ameri- gaged in the carrying trade of each
can tonnage is in inland and coastwise country. Turning to the Board of

navigation. Trade returns, we find that of the total

If we prefer to make our comparison tonnage entered and cleared in the for-

in another form, we may find accord- eign trade at ports of the United King-
ing to Lloyd's register, that the total dom 69 million tons, or 65^ per cent.,

number of steam and sailing vessels of are British ships. The greatest share

100 tons net and upwards, now in ex- of the remainder belongs to Norway,
istence, is about 29,300, with a tonnage with 6^ million tons, and after her to

(net of sailing vessels and gross of Germany, with 6 million tons. Swe-
steamers) of 34,790,000. Of these the den, Denmark and Holland each ap-

British share is 11,250 vessels, with a propriate about 3^ to 4 million tons,

tonnage of 16^ millions, or nearly one- The foregoing figures deal with ves-

half. The United States come next, sels in ballast as well as those with car-

with 341 1 vessels of 3,849,400 tons, fol- goes. The result of omitting the former
lowed closely by Germany, with 1935 class is not great; it is to iricrease the

vessels of 3.369,800 tons. Norway and British percentage by 2.

France are in close sequence, with 2218 One astonishing feature is the corn-

vessels of 1,717,654 tons in the former paratively insignificant position occu-

case and 1376 vessels of 1,693,366 tons pied by the United States. Her ton-

in the latter. Next come Italy, with nage, occupied in British trade only,

1238 vessels of 1,187,566 tons; Russia, amounts to 640,672, or much less than

with 1370 vessels of 840,515 tons; 1 per cent. This disproportion is still

Spain, with 579 vessels of 754,855 tons; more noticeable if we turn to a table

Sweden, with 1517 vessels of 751,533 showing the tonnage of vessels entered

tons; and Japan, with 598 vessels of and cleared at ports of the United King-

671,417 tons. dom in the trade with the United States.

In connection with this enumeration, There we find that out of a total of

we may exhibit the following table, nearly 14 million tons, nearly 13 million

showing the distribution of the largest tons are British, and only half a million

class of vessels among the more im- American, and more astonishing still,

portant countries:

—

that the last-named figure is only a

largest steamships, 1904 fourth of what it was so far back as the

Brit- Ger- Amer- year 1 856. The fluctuations, indeed,
Tonnage ish man lean French ^ remarkable, for in 1 892 the

Upwards of 10,000 tons 45 25 12 2 >
, ' , .

7,000 to 10,000 119 23 9 5 tonnage was only 187,190, and m 1898,
5,000 to 7looo.. 299 9*_ 41 45 302,706, while in 1S71 and 1876 it ex-

Totals -463 140 62 52 ceeded a million.

In number, individual size and aggre- Turning now to the foreign trade of

gate tonnage of vessels, British superior- other countries, we find in many cases

ity is evidently indisputable; in speed, a very large proportion of it in British
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hands. Thus, using only round figures,

the percentage of the tonnage of British

ships engaged in the foreign trade of

the respective countries is as follows:

—

In the case of the United States, Portu-
gal and Chili, 50 per cent. ; in the case

of Russia, Holland, France and Bel-

gium, 40 per cent. ; in the case of Ger-
many, 30 per cent. ; in the case of the

Argentine Republic and Spain, 25 per

cent. ; Italy, 20 per cent. ; and Norway
and Sweden, 10 per cent. The fore-

going comparison is in reference to the

whole tonnage involved, including not
only that of each particular country, but
of every nationality.

Limiting the comparison to the ves-

sels flying the British and those flying

the national flag, the preponderance of

the former is greatly increased. Thus,
the tonnage of British ships engaged in

the foreign trade of the United States is

three times that of the country con-

cerned. In the case of Chili it is seven
times; in the case of Portugal, 12 times,

and so on. The results are best con-

veyed in diagrammatic form, and the

series of circles on page 10 represent

graphically the distribution of the total

tonnage of vessels engaged in the for-

eign trade of the principal maritime
countries.

Finally, a word regarding the out-

look. While it is never safe to prophecy
" unless you know," there are certain

indications of the general trend of events

which afford permissible deductions of

an approximate nature. Thus, if we
take as an example the diagram of ton-

nages shown on page 8, we may rea-

sonably continue the curves for the next

few years without the probability of any
serious deviation from the truth. Where
the line of past history is fairly even and
regular for some time, it is practically

safe to assume that future developments,

within a limited period, will not be
characterised by any sudden or abrupt

changes. Apparently, therefore, the

British Empire will continue to maintain

a marked upward rate of progress,

though possibly not to the degree indi-

cated by the termination of the present

curve. Disregarding this, despite its

favourable nature, as a slight periodical

eccentricity from the general path, we
may still reasonably anticipate that the

tonnage of the British merchant navy
will reach 13 to 13^2 million tons in ten

years' time, as against 7^ millions in

the case of the United States and 3
millions in the case of Germany.
On the same grounds we may expect

the British Empire to increase slightly

her present share of the foreign trade,

though the general tendency has been

to maintain a fairly constant level.

Thus, in 1840, her percentage of the

tonnage engaged was 68.8,—rather

more than at present; and at the end of

each succeeding decade the values were

65.1, 56.4, 68.4, 70.4, 72.7, and 6.37,

indicating a gradual undulation. The
explanation of the apparent lack of pro-

gression in this case, and also in that of

the share of the trade of other coun-

tries, is that whilst British tonnage in-

creases, foreign shipping is likewise

growing, sometimes in the aggregate

at a greater rate than her own.

In the foreign trade of Germany, for

instance, the British tonnage rose from

5 million tons in 1880 to 8 million tons

in 1900, but the British percentage fell

from 38 to 27. During the same period

the British tonnage engaged in the for-

eign trade of Portugal was more than

trebled, but the percentage fell from 63

to 57-

That Great Britain possesses at the

present time a prestige so considerable

in maritime affairs is mainly due to the

energy and enterprise which have char-

acterised her movements in the past.

In order to sustain her reputation as the

premier sea power, naval and commer-
cial, a continuance of the same qualities

is essential under conditions radically

different from those which obtained a

generation ago and still changing from

day to day.

The introduction of the turbine, the

differentiation of the cargo and the

passenger steamer, the development of

speedy mail services, and, above all,

the under-cutting of rates and the

narrow margin of profit obtainable un-

der the stress of keen competition, are

present-day problems necessitating the

closest and most careful attention.
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ITS USE IN THE MANUFACTURE OF MUNITIONS OF WAR

By A. F. Petch

HYDRAULIC machinery is an im-

portant factor in the manufac-
ture of munitions of war, as is

well illustrated by the field gun and its

ammunition. The gun itself is a steel

barrel, hydraulically forged, and after-

wards wire wound; the carriage is built

up of steel plates, flanged and shaped in

hydraulic presses; the wheels have their

naves composed of hydraulically flanged

and corrugated steel discs, and even the

tires are forced on cold by hydraulic tire

setters, the rams of which are powerful
enough to reduce the diameter of the

welded tire until the latter tightly nips

the wheel.

The shells for the gun are punched
and drawn by powerful hydraulic

presses, and the copper driving bands
are fixed on the projectiles in special

hydraulic presses. Quick-firing cart-

ridge cases are cupped, drawn, and
headed by an hydraulic press, whose
huge mass always impresses the uninit-

iated as absurdly out of proportion to

the small size of a finished case, and
finally the cordite firing charge is de-

pendent on hydraulic presses for its

density and shape.

As it would be altogether beyond the
scope of this article to even mention all

the various processes in the manufacture
of warlike stores in which hydraulic ma-
chinery assists, the writer has contented
himself with selecting and describing a
few types of the hydraulic machine tools

in use. Fig. 2 shows a powerful press,

made by the Hydraulic Engineering
Company, Ltd., of Chester, for heading
and indenting the cartridge cases of

quick-firing guns. This is in use in the
Royal Laboratory at Woolwich Arsenal,
and is capable of exerting a total power
of 2500 tons. It is built almost entirely

of steel and gun-metal. The entabla-

ture carries the main cylinder; the centre

crosshead is the die holder; and the

base contains a cylinder and ram for

ejecting a finished case from the die.

The return stroke of the main ram is

effected by the two small rams in the

centre crosshead. The working pres-

sure during the greater portion of the

stroke is 700 pounds per square inch,

but the final pressure is taken from the

3 tons per square inch mains. The
cylinders are of forged steel, and all the

rams are cased in brass liners. The
valve arrangement is well thought out;

there are only three levers, conveniently

placed, to control all motions of the

press. As the larger valves are fluid-

controlled, the auxiliary valves, being

of small bore, are easily manipulated.

A smaller pattern of press, built by
Messrs. J. Archdale & Co., Ltd., of

Birmingham, for making cartridge cases

for 3-inch calibre fixed ammunition, is

shown in Fig. 3. This press differs in

principle from the foregoing in that the

die is not carried by the centre cross-

head, but rests on the baseband in that

a separate ram is not provided for eject-

ing finished work, which, as will be seen

from the illustration, is carried out by
means of a plunger working through the

base and connected to the crosshead by
the two light tie rods. The side rams

are u-ed for returning the main ram as

well as for working the ejector. On
account of the short stroke of ram, it is

necessary to move the top tool in a

lateral direction to allow sufficient head

room to remove, or place work in the

die, this lateral movement being con-

trolled by the small hand wheel to the

right of the tool holder. As is usual in

this style of press, the earlier part of the
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stroke is performed

by water taken from

an ordinary hydrau-

lic main ; but the

final pressure is

taken from intensi-

fier mains at about

4500 pounds per

square inch.

A steam hydrau-

lic forging press of

700 tons power,

which was supplied

to Woolwich Arse-

nal by Messrs.
Greenwood & Bat-

ley, Ltd. , of Leeds,

is illustrated by
Fig. 4. This form

of press is much of-

tener seen in Ger-

many than in Great
Britain, where forg-

ing presses on the

well - tried Whit-
worth system still

hold their own.
This is, perhaps, due
to the greater econ-

omy in steam con-

sumption of the
pumping engine
over the direct

steam driver, al-

though the latter has

certainly the advant-

age as regards first

cost, and as no ac-

cumulator is requir-

ed to operate the

return rams, where
steam drivers are

used, a further re-

duction in outlay is

possible. In Ger-
many these presses

are manufactured by
Messrs. Breuer,

Schumacher & Co.

,

of Kalk, near Co-
logne, and in Great
Britain Messrs.
Greenwood & Bat-

ley, as above in-

timated, manufac-

FIG. 3.—HYDRAULIC PRESS FOR MAKING CARTRIDGE CASES FOR 3-INCI

CALIBRE FIXED AMMUNITION. BUILT BY MESSRS. J. ARCHDALE

& CO., LTD., BIRMINGHAM
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ture from practically the same designs.

The above plant comprises the press,

the steam driver, and the distributing-

valves. The press consists of a steel

entablature containing the main cyl-

inder, a base block connected to the

entablature by four steel columns upon
which slides the ram crosshead. At
each end of this part of the ram are fixed

the piston rods of the two single-acting

steam cylinders for raising the cross-

head. The steam driver is of the usual

pattern, with a single-acting steam cyl-

inder whose piston rod forms the ram
of the pump or intensifier cylinder.

The pump cylinder is supported on four

columns, and is connected by means of

a steel pipe to the press cylinder, there

being no valve between the two cyl-

inders.

A valve, however, is placed between
the pump cylinder and a small overhead
water tank, and as this valve forms an
essential feature of Schumacher's patent,

under which these presses are made, a

sketch (see Fig. 5) is given which will

make clear the working of the plant.

Assuming that the work is on the

anvil block and the crosshead and ram
in their highest positions, the regulating

handle on the steam valve is depressed,

exhausting the steam from the drawback
cylinders of the press and allowing the

crosshead to fall until it meets the work.
During this time the main hydraulic

cylinder has filled with water from the

tank, through the valve A, the lever B
of which is coupled to the regulating

handle by the rod C. A further de-

pression of the steam valve handle raises

C and allows the spring D to close the

valve A, and at the same time the

steam valve has opened the driver cyl-

inder to the boiler pressure. This

causes the piston to rise quickly and
pump water under a pressure of several

tons per square inch into the hydraulic

cylinder of the press. Raising the reg-

ulating handle opens the steam driver

cylinder to exhaust, and as the valve A
is connected with the regulating handle,

this also opens, allowing the hydraulic

cylinder to exhaust, and permits the

pump cylinder to draw in a charge of

water for the next stroke; upon steam

entering the drawback cylinders, the
crosshead is free to rise. The main
steam valve, being of the balanced pis-

ton type, may be quickly worked by
hand.

An illustration of another tool by the
same makers is given in Fig. 6. This
is a press for drawing 6 inch shells, and
was supplied to the India office of the

British War Department for the ord-

nance factory at Cossipore. The lead-

ing dimensions of this press are:—Main
ram, 24 inches diameter by 42 inches

stroke; side rams, 7 inches diameter by
72 inches stroke; working pressure, 30
cwts. per square inch. The horizontal

ram, which is double-acting, is used for

INTENSIFIER CYLINDER

FIG. 5.—SECTION OF VALVE BETWEEN SUP-

PLY-TANK AND INTENSIFIER-PUMP OF
PRESS SHOWN IN FIG. 4

moving the die block backwards and
forwards.

The entablature and base are plain

and substantial iron castings, the former
being bored to receive the main cylinder,

which is of steel and tested to a pressure

of 2% tons per square inch. The col-

umns are of a design commoner in

America than in Great Britain, and,

being without forged collars, can be
passed through the entablature and base,

which saves having to lift the entablature

over the columns when erecting the

press. The weight of the entablature

is taken by the split collars, which fit

into necks in the columns. Another
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convenient feature in the design is the

length of stroke of the side rams; this

is sufficient to allow the main ram to be
removed from the cylinder, or the cyl-

inder from the press head, without dis-

mantling the press.

It will also be seen that the side rams
can be taken out by removing the split

collars from underneath the crosshead,

which leaves the rams free to be drawn
through the cored holes in the entabla-

ture, after which the side cylinders can

be taken away. The crosshead slippers

have adjustable wearing surfaces, a very
important point in shell drawing presses,

where the punch has to travel truly in

the axis of the die to ensure the walls of

the shell being of equal thickness.

In examining the illustration of this

press the side rams may appear unduly
powerful, but it must be remembered
that the punch may require as much as

ioo tons to withdraw it from the work,
especially if the metal is allowed to cool.

Four operations are necessary in draw-

ing shrapnel, viz. : —Cupping, punching,

first and second drawings. These re-

quire powers of 80, 70, 450, and 600
tons, respectively, for a 6-inch shell.

The steel from which the shells are

made is in the form of round bars of a

slightly larger diameter than the re-

quired diameter of the shell, cut off into

such lengths as to weigh about 2 per

cent, more than the finished shell, to

allow for scaling.

After the shell has been drawn it is

machined and the grooves prepared to

take the driving band. These grooves

are usually very shallow and left with a

number of teeth or undulating vee-

•shaped ridges, and the sides of the

grooves are undercut. When the band
is being fixed the copper flows into the

grooves and the teeth or ridges are em-
bedded in the copper. When the shell

is fired the copper takes the lands of

the rifling and imparts to the projectile

the high speed of rotation upon which
depends its flatness of trajectory. Not
•only has the band this duty to perform,

hut it must also act as a check band to

prevent any of the high temperature and
high pressure gases of the combustion

•of the firing charge leaking past the

shell, which would set up erosion and
shorten the life of the gun.
At the present time driving bands are

usually made of copper, cut into rings
from solid drawn copper tubes; but
cupro-nickel bands are superseding
them as more powerful explosives come
into vogue.

From the foregoing remarks it will be
gathered that banding shell is a more
important operation than at first ap-
pears, and care must be taken to pre-
vent the distortion or upsetting of the
shell. Figs. 7 and 8 show two of the
presses used at the arsenal at Woolwich
for banding shell; Fig. 7 gives a gen-
eral view of a banding press, and Fig.

8 is a plan view of a slightly different

design. This type of press is a radical

departure from other forms of hydraulic
presses, there being no entablature nor
columns, but in their places is a weld-
less, high-tenacity steel ring, on the in-

side of which are arranged six bronze
cylinders with steel rams. The ends of

these rams pass through an inner guide
ring, and carry dies ground to the cur-

vature of the band when home. The
rams travel in a radial direction to the

centre of the press, and as the working
stroke is only j4 inch, the return is

suitably effected by short, stiff, helical

springs.

Pressure is admitted to the cylinders

by copper pipes connected up to a cir-

cular distributing pipe. The press takes

water from the 700 pounds main for the

first Y% inch of the stroke, and for the

last yi inch water pressure at 3 tons per
square inch is used. The total pressure

on all the rams to band a 6-inch shell is

only 600 tons, but for a 12-inch shell

no less than 2800 tons is necessary.

These presses are made under West's
patents by the West Hydraulic Engi-
neering Company, of London, who are

also the manufacturers of the somewhat
elaborate presses illustrated in Fig. 9.

This shows the front and back of a press,

supplied to the Royal Gun Powder
Factory, at Waltham Abbey, for mak-
ing rifle and pistol sizes of cordite.

Cordite is a mixture of gun-cotton,

nitroglycerine and vaseline, incorpor-

ated in kneading machines, the solvent
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employed being acetone, which after-

wards evaporates. In manufacturing

small arms sizes of cordite a charge of

one pound of the incorporated mixture

is placed in a steel container, fitted at

the bottom with gauze and perforated

strainers, and terminating in a nozzle

bored with a very fine hole, the size of

the thread of cordite. This charged
container is placed in a holder on the

press and locked in position, and a

plunger is caused to descend into the

container by means of a screw, driven

by a worm and wheel.

As the plunger goes into the con-

tainer it displaces the incorporated mix-

ture, which issues from the die in the

form of a continuous thread which is

wound on a special reel by the small

machine shown in Fig. 10. This ma-
chine is driven from the back shaft of

the press and is arranged to wind the

cordite as it issues from the machine.

It is, of course, of the greatest import-

ance that the reeling apparatus should

keep time with the press, for if it were
slightly slower the cordite would be-

come tangled, and, if quicker, it would
break the thread.

To prevent air bubbles forming in the

cordite it is necessary that the plunger

exert a constant pressure at constant

speed, and so the container and holder

rest on a floating hydraulic cylinder and

ram, loaded by the small accumulator
at the back of the press. This is so
arranged that, if the pressure in the con-

tainer exceeds the limit, the ram is forced

downwards in the cylinder, and this

causes the accumulator ram to rise.

The ratio of the two rams is 50 to 1, so
that when the container holder is forced

down 0.02 inch the accumulator ram
rises 1 inch and reverses the belt drive

and stops the press. The presses are

so constructed as to reverse automati-

cally when the plunger has made a full

stroke, and to stop at the top of the re-

turn stroke. This arrangement enables

one operator to attend to two machines.

The small press illustrated in Fig. 11

was made by Messrs. Fielding & Piatt,

Ltd., of Gloucester, England, for use
on board H. M. torpedo depot-ship

Hecla. This ship is in reality a small

floating arsenal, and a description of the

press is not out of place in this article.

This type of hydraulic hammer or press

is well suited to shipboard, where the

weight of a pumping engine, accumu-
lator, and press would be excessive, and
where the vibration of a steam hammer
would be equally objectionable.

Small steam hydraulic presses are by
no means a new idea, yet as there are

several novel features about the
'

' Field-

ing
'

' press, the writer believes a some-
what detailed description may be of in-
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terest. Referring to Fig. n, the cyl-

inder A, sliding in planed guides in the

frame and working on the fixed ram B,
held in place by the crosshead C and
two tie bolts, is of the usual kind for

this type of press. The ram B is hol-

low and forms the pressure inlet to the

cylinder. The press has a double-acting

steam cylinder E>, the piston rod of

which is connected to the rocking lever

an air pressure of about four atmos-

pheres. A small hand pump is pro-

vided for making good any leakage of

air or water. Cylinder K, of the steam

end of the driver, has the usual single-

acting piston, whose rod is also the ram
of the intensifier cylinder L.

The method of working the press is

as follows:—To raise the cylinder A,
the valve G is operated by the handle

FIG. 8.—PLAN OF PRESS SHOWN IN FIG.

E, which is also connected to the main

hydraulic cylinder A at one end, and to

the principal steam slide valve at the

other. A smaller steam slide valve G
controls the cylinder D, while H is a

reservoir which holds the water for

working the press, and which is under

at the side of the frame, so as to admit

steam to the under side of the cylinder

D. This causes the right hand end of

the lever E to descend and open,

through E, the cylinder K to exhaust;

at the same time the left hand end of E
rises and lifts the cylinder A, the water
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which the latter displaces being forced

into L and the surplus into the reser-

voir H.
When the forging is in position on

the anvil tool, the valve G is operated
so as to admit steam into D above the

piston and open the under side to ex-

haust. This lowers the left and lifts the

right-hand end of the lever E, allowing

A to fall partly by its own weight, also

accelerated by the pressure in the tank
H.
As soon as the top tool touches the

forging the rocking lever E overruns
the cylinder A and opens the cylinder

K to steam, by raising the slide valve

F. The piston rod of A" intensifies the

pressure in L and also A. At the same
time as the valve F is opened a small

valve M is closed, so that the connec-
tion between the cylinders A and L is

shut off from the reservoir H.

The speed of working can be altered

as desired up to a maximum of about

60 short strokes a minute. The power
of the press is 60 tons, and a full stroke

of the driver piston causes the hydraulic

cylinder to move 4 inches. The whole
valve arrangement is very ingenious,

but, at the same time, is somewhat com-
plicated, and a reduction in the number
of valves would be a move in the right

direction.

Fig. 1 shows a 3000-ton hydraulic

press in the Royal Carriage Department
at Woolwich Arsenal for bending
armour plate, gun shields, etc. , which
was made by Tannett, Walker & Co.,

Ltd. , Leeds. This press is of the ordi-

nary type of bending press, having two
main cylinders and rams in the entabla-

ture, with the cylinders of the push-back

rams in the base, which is below the

floor level. The press embodies one
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novel feature; the main cylinders are
not fixed rigidly to the entablature, but
are capable of being moved in a lateral

direction by the horizontal rams at each
end of the entablature. As the cyl-

inders can be moved independently,
wide plates of the full capacity of the
press can be bent more at one edge than
the other without unduly straining the
crosshead.

Heavier and more powerful presses
than the foregoing are used at the

for baling clothing, blankets, hay and
other stores, not only to economise
100m on board transports, but also to
render them less liable to fire risks.

Such hydraulic presses are of the usual
types, and are too well known to require
special mention.

Of recent years electrically operated
machinery has supplanted hydraulic
power appliances on account of the con-
venience with which outlying machines
can be supplied with electric current.

— k

FIG. 10.—WINDING MACHINE FOR REELING CORDITE AS IT COMES FROM THE PRESS SHOWN
ON THE OPPOSITE PAGE

Woolwich Arsenal for forging purposes;

but as these and similar presses have
been often illustrated in engineering

magazines, it has not been considered

necessary to describe them here.

Arsenals employ large numbers of all

kinds of hydraulic machine tools, sim-

ilar to those to be met with in general

engineering shops, for such operations

as riveting, punching, shearing, flang-

ing, pressing, etc., as well as presses

This is more especially marked in the

case of moving machinery, such as trav-

elling cranes, but applies even in less

obvious cases, as fixed cranes, punching
and shearing machines, bending rolls,

etc. For travelling cranes there can be
no question that electricity is the most
advantageous of all motive powers, and
even for fixed cranes, which are con-

stantly at work with loads of greatly

varying weights, electricity can show
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more economical results than hydraulic

power, as the consumption of current

•depends upon the amount of work being
performed, while single power hydraulic

cranes consume as many cubic inches of

fluid whether the load be heavy or light.

If, however, the load is always approxi-

mately the same, a well - designed

hydraulic crane of good construction

will have a higher efficiency than an
equally good made of electric crane.

For slow-working machine tools, such
as manhole punches, where the time is

not occupied in the actual operation so

much as in getting the material into

place, hydraulic machinery is to be pre-

ferred, as the speed reduction gear be-

tween the motor and the cam shaft arc-

by no means as efficient as the direct-

acting hydraulic ram, which has also

the advantage of not breaking down if

the operator tries to do work beyond its

capacity. As all arsenals are now com-
pletely equipped with both hydraulic
and electric supply mains, the officials

are able to decide which motive power
to employ, and are consequently free

from the worries of the shop superin-

tendent, who would, perhaps, prefer to

put down an hydraulic power tool, but
who has no hydraulic pressure supply
mains, and the installation of a single

tool might hardly warrant the erection

of a pumping engine and accumulator.

THAWING OUT FROZEN WATER PIPES

ELECTRICALLY

By William Maver, Jr.

THERE are a number of claimants

for the credit of having first uti-

lised the electric current for

thawing out frozen water mains for serv-

ice pipes. The process appears to have
been first applied in the winter of

1898-99, in Chicago and other Western
cities, and in Canada. It is said that

one of the first users of the process ap-

plied for a patent covering this use of

electricity, but the patent was refused

on the ground that it did not possess

any novelty, or that it was too simple.

The principle employed is, of course,

quite simple. An electric current is

completed through the frozen pipes by
attaching one wire of a circuit to a street

hydrant, and the other wire of the cir-

cuit to the water pipe within a building.

Since the iron pipes are much better

conductors of electricity than the frozen

earth the electric current follows these

pipes, heating them to a temperature
sufficient to thaw the ice in a compara-
tively short time.

It can hardly be said, however, that

this was a self-evident proposition at the

time the patent was applied for, and the

fact that the more or less general use of

this method followed and did not pre-

cede the announcement of the feasibility

of the plan, may be assumed to show
that it might have required some inven-

tion to prove the practicability of the

process. Before leaving this part of the

subject it may be remarked that there

is a tradition, which is probably sus-

ceptible of confirmation, that in che

early days of the New York electrical

cable subways, about 1890 to 1893, it

was not uncommon to send a strong

current through the lead covering of

cables in the ducts to loosen the grip of

ice upon them in winter, when it was

desired to draw the cables out of the

ducts,—a method which might be con-

sidered by some an anticipation of the

process in question.

It is generally well known that the

plumbers' method of thawing out frozen

water service pipes is a cumbersome
one. In fact, these gentlemen have at

least two plans of procedure. One con-

sists in opening the service pipe at a
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FIG. 2.—CONNECTING A WATER OUTLET WITH THE ELECTRIC CURRENT SUPPLY

stop- cock within the premises and in-

serting into the pipe a rubber tube as

far as practicable, which if the water
pipe is reasonably straight, will be up
to the ice. Steam is then injected into

the rubber tube and gradually thaws
the ice, the rubber tube being pushed
further and further in as the ice melts

;

but there seems to be a well-defined

limit in this case beyond which the steam
will not carry effectively. The plan is

sometimes successful, but has the dis-

advantage that it is not always possible

to readily stop the rush of water at the

open end of the pipe when the ice gives

way.
Another plan of the plumber, and the

one heretofore most generally followed,

is to build a fire of wood, coke or coal

on the surface of the ground over the

water pipes for the purpose of thawing
the earth to permit digging down to the

pipes, to which heat may be applied

externally. This plan is tedious and
expensive, and even the plumbers them-
selves are said to hail with pleasure a

method for remedying this trouble which
will relieve them of the odium attaching

to the profession because of some of the

bills to which the digging method has
given rise.

The excessive bills referred to are due
to the fact that the fire has to be kept
going constantly for twenty-four or

forty-eight hours, in some cases, and
with the double pay for overtime and
night work the labour item is large.

Bills for $100 for thawing pipes by this

process are not uncommon in some
cities. There is also the likelihood

that, with the earth loosened, the water

pipes may freeze again at the same place

within a few hours, if cold weather con-

tinues.

The plan of thawing out the pipes by
heat generated electrically is, on the

contrary, clean, expeditious and com-
paratively inexpensive, and especially

in the Eastern States it has been largely

resorted to where, owing to the long

continued cold weather, the cases of

frozen water service pipes in some of the

cities have been numbered by the hun-

dreds. In one city alone, of which the

writer has knowledge, over 600 frozen

water pipes have been thawed out by
the electrical process.

There are a number of different meth-
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ods of bringing the current to the frozen

pipes, and almost every ordinary source
of electromotive force may be made
available for this work by suitable con-

nections and apparatus. There are, of

course, some exceptions to this state-

ment, as, for instance, underground
electric cables, which cannot readily be
tapped. Overhead lighting and power
circuits, too, are available only when
they are in the vicinity of the frozen

pipes; this, however, has proved to be
the case in numerous instances.

One method of arranging the connec-
tions and apparatus for tapping a 2400-
volt, alternating- current overhead cir-

cuit is shown in Fig. 3. The temporary
connections are made on live wires, and
consequently much care on the part of

the linemen is necessary. To make the

taps, the insulator is scraped off the

iest currents that may be used without

undue heating, ought to be carried with

the outfit. The terminals to be attached

to the line conductors may be provided

with close-fitting couplings. In some
places sections of No. 000 copper wire

have been used for this purpose.

The apparatus indicated in the dia-

gram consists of a double-pole switch

D P, a water rheostat R, an ammeter
A, an 11-KW transformer T, and a

voltmeter V, all of which are carried to

the scene of action on a waggon. The
water rheostat is employed to reduce
the voltage to a desired amount, say,

20, 50 or more volts in the secondary
circuit. In some cases the water is con-

tained in a wooden barrel or in a wooden
bucket.

In one arrangement of the water

rheostat a coil of bare copper line wire

«g
MAINS 2400 VOLTS

W

FIG. 3.—TAPPING A 24OO VOLT
ALTERNATING-CURRENT

CIRCUIT

y
vAA/WnA/V

FROZEN SERVICE

PIPES

WATER MAIN

overhead conductors, and the leads

W W, which may consist of No. 12 or

larger copper line wire, are connected
to them by a suitable T clamp; or the

leads may be simply twisted around the

conductors.

To facilitate making connections with
the overhead circuits and with the city

hydrants or faucets within the buildings,

at least four sections of well insulated

wires, from 100 to 400 feet in length,

and of ample capacity to carry the heav-

is placed in the bottom of the barrel for

one terminal. For the other terminal

a number of ordinary arc carbons, tied

together by the lead wire, are used; or

bare wire alone may be used for such
terminals. To increase the conductance

of the water, salt may be added, but

this is not always considered necessary.

When a small vessel is used for this

purpose, copper plates are preierable

for the terminals. These plates are

placed at least 6 inches apart. When



THAWING OUT FROZEN PIPES ELECTRICALLY ^9

[N SOME TOWNS A PORTABLE MOTOR-DRIVEN GENERATOR OUTFIT IS USED IN PLACE OF
WATER OR OTHER RHEOSTATS

heavy currents are passing through
these rheostats the water may show a

tendency to boil, which may be pre-

vented by the addition of ice or cold

water.

By means of the ammeter A in the

primary circuit, the current in the sec-

ondary circuit may be calculated, the

ratio of transformation being in this

case, say, 40 to 1, and the voltage may
be read from the voltmeter V. When
barrel rheostats are used, it is good
practice to begin with the terminals

about 30 inches apart, gradually short-

ening the gap. It may be added, how-
ever, that after considerable experience

in this work with high potentials, some
workers have dispensed with the water

rheostat altogether, owing to the danger

from shock connected with its use.

When this is done, reliance is placed

entirely upon the transformer to reduce

the voltage to a fixed standard for all

cases met with in ordinary work of this

kind.

Reactance coils are sometimes used

in place of the water rheostat, and there

are, of course, other well-known means
by which the voltage may be controlled

without recourse to resistance coils or

rheostats; for instance, by winding the

transformer so that by a change of the

connections any electromotive force in

steps of 5 or 10 volts, up to 50 or 100
volts, can be obtained in the secondary
circuit.

Another arrangement used on a

2400-volt, alternating- current circuit

consists of the usual rheostat or resist-

ance coil, switch and ammeter, together

with two 20-KW transformers with the

primaries in series and the secondaries

in multiple, giving an electromotive

force of about 60 volts and 50 to 75 or

more amperes in the secondary circuit.

With this amount of energy the frozen

pipes in numerous instances were thawed
out in a few minutes.

Another outfit for this work that has

been used successfully in connection

with 1000-volt overhead circuits con-

sists of three 6-KW and two 4-KW
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transformers arranged to be used jointly

or separately to give 50 or 100 volts,

and 100 or more amperes in the sec-

ondary circuit.

While such high potentials as those

stated have been used quite extensively

for the work in question, with success

and without accident, so far as known,
it is obvious that there is an element of

danger in the handling of the apparatus

and in the possibility of grounding the

primary circuit through the transform-

^ ELECTRIC LIGHT I

S35b~

ifn

FROZEN
SERVICE

PIPES

FIG. -5.—CONNECTIONS FROM A DIRECT-CURRENT
OVERHEAD LIGHTING SYSTEM

ers. There is also a mild objection in

some places to the use of the alternating

current for this work, namely, that when
connected to the water pipes it has been
known to set all the telephone bells in

the town ringing,—at least all those

having ground connections.

In Fig. 5 are shown the connections

from a direct-current, overhead lighting

system as utilised to thaw out the frozen

pipes in adjoining houses, the connec-

tions being made to the water faucets in

each building. The pipes in a row of

eight houses were speedily thawed in

turn by this process. Here the electro-

motive force on the lighting mains is

220 volts, and in some cases the amme-
ter indicates over 125 amperes on the

water pipes, the current being increased

gradually by means of the water rheostat

in the manner stated. In other in-

stances the current was increased to 180
amperes before the water flowed. In

this use of the direct current, some form
of resistance is generally essential to

avoid short-circuiting the electric mains

and to prevent possible injury to the

water pipes from a too prolonged appli-

cation of the current.

Although the tapping of overhead
electric light and power circuits for the

purpose of thawing out frozen water

pipes has been carried on extensively

and successfully for several years past,

this procedure obviously possesses cer-

tain limitations, as already stated,

namely, that the area in which the cur-

rent can be so used is restricted to the

locality of the overhead circuits.

In such cases, however, other ways
of obtaining the necessary electric cur-

rent are available; for example, by
means of a portable storage battery or

a dynamo driven by a gas engine, both
of which sources of electromotive force,

mounted on waggons drawn by horses,

have been utilised, and will doubtless,

when necessary, be much more exten-

sively used in the future for this par-

ticular class of work.

The electric light and power com-
panies will probably still retain the bulk

of the business by reason of the fact that

in ordinary winters the amount of the

business of this kind would not warrant

the maintenance by private individuals

of the requisite independent outfit. To
furnish an idea of the revenue derivable

from this source in some places, it may
be noted that in one city alone an
amount approximating $7000 was turned

into one lighting company by the water-

pipe-thawing department during the

past winter.

In a record instance in which the stor-

age battery has been thus employed,
the cells were carried on a waggon and
were arranged for heavy-current work,
the connections being such that the cells

could be thrown on in series or in mul-
tiple for high voltage and small current,

or vice versa, as desired. The heavy
current and low voltage were employed
for large pipes or mains, and the reverse

for small pipes, the voltage used vary-

ing from 6 volts and over 800 amperes
to 15 volts and 300 amperes. In the

first case a small water main about 20
feet long was involved, and water flowed

in about three minutes after the applica-

tion of the current. For a portable gas-
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engine-driven dynamo outfit, a generator
of about 8 or 10 KW, delivering, say,

•600 amperes at 1 2 or 15 volts, will suffice

for the work under consideration. The
•engine ought to be of 12 to 15 H. P.

The connections for such an outfit are

practically as outlined in Fig. 2, the

leads IV IV being, however, connected
to the brushes of the dynamo.

Still another portable arrangement
that has been used for the thawing out

of frozen water service pipes is one in

which a 12-H. P. gasoline automobile
was drafted into the service, a dynamo
of about 7 KW, developing 600 amperes
at 12 volts, being mounted on the front

part of the vehicle. In this case, the

gas engine is employed to propel the

vehicle to the desired point, and a belt

is carried to the dynamo pulley from
the same engine. In one instance in

which this outfit was employed the water
came in forty- six seconds after the ap-

plication of the current. This outfit has

the advantage that horses are dispensed

with, while it retains all the mobility of

the horse-drawn vehicle.

Some further data as to the character

of the pipes thawed out by the electrical

process and the time taken in actual

practice for the operation may now be
given. In the case of a length of about

45 feet of 1 -inch pipe, in which one
terminal of the current was connected
to' the city hydrant and the other to the

faucet within the building, with a direct

current of 140 amperes, at a pressure of

220 volts, the water flowed in seventeen

minutes. In another instance 100 feet

of i-inch pipe were thawed out after an
application of a current of 175 amperes
for about fifteen minutes.

In one city in which a great many
water service pipes have been electrically

thawed out during the past winter, the

average time of application of alternat-

ing current of 100 to 150 amperes at 60
volts was about three minutes. In

many cases the water flowed within one
minute. When the water did not flow

within twenty minutes the attempt to

thaw the pipes in this manner was given

up, the contracts for the work providing

that there would be no charge unless

the water was forthcoming.

For this reason, doubtless, the same
workers had no success in thawing out
frozen fire hydrants; for in another city

an application of 90 amperes at 50 volts

for fifty minutes produced a flow of water
from two adjoining fire hydrants that

had been frozen up for some days. It

is, in fact, probable that a sufficiently

long application of the electric current

in sufficient quantity will produce the

desired effect in almost every case of

frozen water pipe or hydrant, unless

perhaps when the frozen pipes are, so

to speak, bridged or shunted by much
larger mains. Such cases have been
met with in practice.

An instance of this condition is illus-

trated in Fig. 6, in which the service

pipes were frozen between the water

mains and a gas main, on opposite sides

of the street, the mains being cross-con-

nected by a large main at a nearby
point. In this case the water pipes

within the house were heated to a high

degree, but the water did not come,
proving that a short circuit of the pipe

existed.

In other instances in which the cur-

rent could not be forced through the

service pipes it was assumed that the
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joints connecting the mains were in-

sulated by means of some non- metallic

substance. In still other cases the at-

tempt was unwittingly made to thaw out

service pipes which were connected to

earthenware mains.

In the case of a water main 4 inches

in diameter, about no feet of which
were frozen, a 10- volt alternating cur-
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rent of 150 amperes brought a flow of

water after a six-hour application of the

current.

In still another instance in which
80 feet of ^-inch lead pipe con-

nected to 20 feet of 6-inch iron pipe

were involved, an alternating current of

185 amperes at 35 volts brought water

in about fifteen minutes.

Frozen gas service pipes have also

been successfully treated by the electri-

cal process, but usually the time of ap-

plication of the current is longer than

in the case of water pipes.

In all of the foregoing instances the

connections were made at the most ac-

cessible points, as at fire hydrants, water

faucets, and the like. When the mains

are frozen in places at which the pipes

do not come to the surface at two near-

by points, it is then necessary to dig

down to the pipes to make suitable con-

nections with them.

As previously remarked, care must
be taken not to apply the current long

enough to unduly heat the pipes. So
far as the writer is aware, no case of

overheating has thus far occurred in

practice, the ice and the cold water ap-

parently sufficing to keep down the

temperature of the lead or iron pipes.

Temperatures of 100 degrees F. have

been observed on pipes thus treated,

but this is still far below the melting
point of lead,—617 degrees F.

While it is a well-known fact that the

freezing of exposed service pipes in

buildings is almost invariably followed

by the bursting of the pipes by the ex-

pansive force of the freezing water, it

has been observed in connection with

the work of thawing out the service

pipes that a case of bursting pipes in

the earth is very rare,—less than 1 in

6oo, according to the writer's best in-

formation. This is assumed to be due
to the fact that the earth first freezes

rigidly around the pipes, exerting a

counter pressure on the outside of the

pipes, thereby preventing them from
giving way to the internal pressure.

In thawing out pipes by the electrical

process, the ice in the pipe first melts

close to the metal, allowing the water

to flow through in small quantities at

first, but this is soon followed by the

full flow of water. In some cities the

first flow of water is accompanied quite

often by a large amount of muddy water
and solid pieces of sediment, as though
the freezing had loosened the scale on
the pipes. This has led some one to

suggest that artificial freezing and thaw-
ing of the pipes might afford an economi-
cal and efficient method of scouring out
service pipes.
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THE writer has already pointed out
that the pressure with which
water in some of the principal

cities is delivered to the buildings is in-

sufficient to reach the upper floors of

large and particularly of tall buildings.

If corporations, building and construc-

tion companies, and real estate specu-

lators will persist in erecting so called
" skyscrapers," it is unreasonable to

require that the municipality should

provide a water system adequate for

their aaecial and certainly unusual re-

quirements. The correct view, it seems
to the writer, is to maintain that owners
of such lofty structures must themselves

provide the necessary arrangements to

supply water at the higher floors for

domestic use as well as for fire protec-

tion. In other words, each tall building

should install its own water supply plant,

with ample means for raising and stor-

ing a suitable quantity of water sufficient

for all needs. In New York, for in-

stance, the water pressure, even in the

residential districts, is often insufficient

to supply the stories above the second,

and the owners of private houses have

long ago submitted to the necessity of

providing pumps and house tanks.

Numerous kinds of pumping apparatus

are in use for this purpose, such as hot

air and gas pumping engines, and in

later years much use has been made of

automatic electric pumps wherever elec-

tric power is available from the street.

For the larger buildings, to which this

article chiefly refers, the choice is usu-

ally restricted to either steam or elec-

tricity as motive power for the water-

lifting apparatus.

As long as commercial buildings did

r-3

not exceed eight or ten stories it was
the common practice to locate one or

more tanks on the roofs of the buildings

(Fig. i), and to keep these filled by
means of steam pumps; the supply was
distributed downwards by means of a

falling main, with branches for the fix-

tures on each floor. There are some
drawbacks and disadvantages to the

roof tank system, such as the liability,

and, indeed, the probability, of the
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water becoming polluted by exposure
to dust, smoke and gases from the soil

and vent pipes extending to the roofs of

all buildings, and the possibility of tanks

and tank pipes freezing in extremely
cold weather; furthermore, provision

has to be made not only for heavy
/-beams as tank supports, but the en-

tire iron superstructure has to be calcu-

lated of sufficient strength for carrying

the weight of the roof tanks and their

contents.

With the advent of the skyscrapers it

was found that the pressure of water at

the fixtures and in the piping of the lower

floors became too heavy when the sup-

ply was drawn from a roof tank. In

the further development of these struc-

tures various modifications of supply

systems originated, which require brief

mention. The first step consisted in

providing intermediate tanks. These
were supplied either from the roof tanks

or by a branch on the pump riser, oper-

ated at the tank on the intermediate

floor (Fig. 2), or more often by means
of separate pump risers controlled by
valves in the engine room (Fig. 3).

The latter two methods are preferable,

as they do away with the necessity of

lifting the entire water required for the

building to the height of the roof, in-

volving a considerable unnecessary ex-

penditure in fuel for pumping. In a

twenty-story building, for instance, in-

stead of pumping the entire supply for

the twenty floors up to the roof, only

the supply for the upper ten stories is

so pumped, whereas about half the sup-

ply is pumped only to half the height

into the intermediate tank provided for.

Such intermediate tank, or tanks,

however, occupied valuable floor space,

particularly in office buildings, where
every square foot of space is reckoned

as of so much rental value, and this ob-

jection led to other methods being tried.

A direct pumping system was installed

in many instances, consisting in con-

necting the supply risers directly to the

house pumps-, which were provided with

automatic relief or blow-off valves

(Fig. 4). The speed of the pumps was
gauged and regulated either by the en-

gineer or automatically, so as to provide

for the fluctuations in the consumption
of water, and the pumping machinery
was installed in duplicate, so that in

case of a temporary breakdown of one
pump the floors of the building would
not be left without water. Such a sys-

tem, inferior as it is, because it provides
no fire protection from Saturday to

Monday, when the fires in the steam
boilers are banked, might possibly an-
swer for office buildings or lofts, but it

would not be suitable for hospitals or

hotels, for it provides absolutely no re-

serve storage of water. Another sys-

tem tried was the use of roof tanks, the

branches to the fixtures being controlled

by pressure-regulating valves on the

lower floors (Fig. 5) to obviate the de-

fect of a too heavy pressure at the fix-

tures.

But the modern tendency is toward
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the omission of the roof tanks, and the

substitution of pressure tanks or drums
located in the sub-basement (Fig. 6).
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These are filled partly with water and
their upper parts with air under a pres-

sure sufficient to supply the highest

floor. In the better systems of this

class the air is compressed by means of

special air compressors, and a supply of

compressed air is often kept in storage

in compressed air drums. The pressure

on the lower floors is in such a case

again controlled by pressure regulators.

A still more complete system provides

several distinct pressure zones (Fig. 7),

by means of separate pumps and pres-

sure drums for the upper, intermediate
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and lowest stories; but even in this bet-

ter system, in which no pressure-regulat-

ing valves need be used on branches, the

drawback remains that when the pumps
stop running very little or

no water is available for

use. In such systems the

mains for the upper lines

are distributed in the pent
house, while those for the

lower ones are run at the

cellar ceiling.

Another system, having
many sanitary, construc-

tive, and mechanical ad-

vantages, provides (Fig. 8)
in the sub-basement not

only large water storage

tanks, but also air tanks,

in which air is stored under
high pressure, and admitted
to the water tanks under a

reduced pressure. In this

system, which has numer-
ous excellent features, it is

possible to obtain water on
the higher floors even when
the pumps are not running
and the fires in the boilers

are banked; a special fire

pump may be dispensed

with, and the only objec-

tion is that it requires in

the cellar a rather large

space for the water and air

tanks, which, however, can

often be minimized by set-

ting the air and water tanks

over one another. Finally,

a pressure tank system may
be installed in connection

with an auxiliary smaller

roof tank, which provides

some storage of water dur-

ing a short breakdown of

a pump (Fig. 9).

For the water pumping
plant of large modern build-

ings either steam or elec-

tricity is used as motive

power. Such buildings al-

ways require a power plant,

and, therefore, steam is

available under high pres-

sure. If the building occu-

pies a large area and the power plant is

distant from the place where the water
pumping plant is located, electric pumps
may be chosen, because the electric
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transmission of power may prove to be
better and cheaper than the running of

long steam mains in which condensation
necessarily takes place. In that case

the pumps for lifting water may be
triplex plunger pumps, either direct-

connected or driven by means of belt-

ing; or the pumps may be rotary screw
or worm pumps; or, finally, they may
be centrifugal pumps, which quite re-

cently have been much modified and
improved so as to be adapted to high
lifts.

In the majority of large buildings,

however, the pumping machinery is run
by steam. Pumping machinery should
always be installed in duplicate, to guard
against the interruption of the water
service by a breakdown, for those who
live in cities have become so accustomed
to the benefits of a constant water sup-

ply that they fail to realise how much
depends upon it, and what inconven-

iences would result from a sudden inter-

ruption in the flow. It is not an exag-
geration to say that in dwellings, office

buildings, factories, and hotels a general
upsetting of the activities of life would
result were the supply of water to cease

for any extended period of time.

The usual practice is to install recipro-

cating pumps of the direct-acting type.

The pumping engines of buildings are

usually of the horizontal type, and ver-

tical types are used only where water is

pumped from an artesian well, or else

where floor space is very restricted.

Until a few years ago the pumps used
were either the single or the duplex
non-compound, non-condensing kind.

Although such pumps have not a high
duty, they are installed because of their

cheapness, absence of complication, ease
in maintenance, and also because they
occupy but little space in the engine
room. Such pumps are run under a
boiler pressure of about 50 pounds.
For fire service, the stronger

built fire pumps are installed,

and in particular the so-

called
' k

Underwriter '

' pat-

tern duplex fire pump, built

in accordance with strict and
detailed specifications pre-

pared by well-known ex-

perts, with a cross connection to the

house service pumps so that they may be
used alternately for the ordinary water

service of the building.

In recent years, owing to the fact

that many buildings find it more eco-

nomical to have their own lighting

plant, the steam pressure carried in the

boilers has been increased to 90 pounds
and even more. Naturally, engineers

became anxious to use for the water-

pumping plant some apparatus which
would give a higher duty or economy
in fuel consumption. While it seems
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impracticable to install the regular high-

duty expansion and condensing pump-
ing engines with crank and fly-wheel,

such as are used in modern water- works
machinery, considerable saving in steam
may be effected by using single tandem
or duplex compound pumps; even triple-

expansion pumps are installed, though
mostly in connection with the pumping
of water for the hydraulic elevators.

The compounding of pumping engines

effects a saving of about 30 per cent, in

the consumption of fuel, and a further

saving of about 20 per cent, can be
effected by using condensing engines,

with either jet or else surface condensers.

As a rule, however, such improved
apparatus is not looked upon favourably

by the architects or by the managers of

buildings, because its first cost is much
greater, and also because the pumping
engines are more complicated to run
and require a much larger space, which,

at least in the cellars of office buildings,

is hard to find, the cellar being already

crammed full of machinery of all kinds.

It is, nevertheless, the duty of the en-

gineer to his client to suggest and re-

commend, first of all, such apparatus

which is economical in running cost,

and the future will doubtless see much
improvement in this part of the mechan-
ical equipment of buildings.

Wherever possible the pumps should

not be located in the boiler room, where
they would be constantly exposed to the

dust from the coal and the ashes. There
should always be a separate pump room,
located not too far from the boiler room,
in order to get short runs of the steam
piping supplying them. The pump
foundations should be substantial and
rigid and isolated from the foundation

walls, to prevent the transmission of

vibration. In modern large buildings

much more attention is paid than form-

erly to the proper equipment
and finish of the pump rooms,

and the mistake, so com-
mon formerly, of putting ex-

pensive machinery and ap-

paratus in dark and cramped
and sometimes damp cellars,

is avoided.

The pump room should

have abundant light and good ventila-

tion. There should be a generous
space all around the pumping ma-
chinery, as this tends to facilitate good
maintenance and renders all working
parts easily accessible. Perfect clean-

liness should be maintained in the
pump room, and this is more easily

accomplished and the room made to

look attractive by using for the floors,

walls, and ceilings materials which can
be easily kept clean, such as vitreous,

unglazed tiles for the flooring, and
glazed tiles, enameled brick, or marble
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wainscot for the walls. There should

be provided in each pump room a gauge
board with gauges for steam, water,

and air pressure; vacuum and altitude

gauges; counters registering the num-
ber of strokes of the pumps, and an
electric clock.

In all large modern buildings provis-

ion must be made for a supply of hot

water. According to the character of

the building, the supply of hot water

will be from one-fourth to even one-half

of the entire supply; a fair average
would be about one-third. The water

is nearly always heated in large closed

tanks by means of steam coils, and the

steam used for the purpose is either high

or low-pressure steam, or exhaust

steam. The latter is not usually avail-

able in winter time, when it is used for

heating the building; but in summer
time, rather than let the exhaust steam
escape into the atmosphere, it is used,

sometimes mixed with live steam for

heating the water. The temperature of

the water is measured either by sight

or by recording thermometers and it

is, or should be, controlled by means of

automatic thermostats, of which there

are a number on the market.

In distributing the hot water in the

building provision for circulation should
be made, so that it will flow hot almost
immediately when a faucet is opened,
otherwise much useless waste of water
will be caused by letting the faucet run
until hot water appears. The circula-

tion is accomplished either by providing

each hot water riser with a circulating

line returning the water into the bottom
of the heater, or else, in the case of large

buildings with a number of hot water
risers, the system is so arranged that

one vertical line will be a flow line,

whereas the next will be a return line,

the two being looped together with
necessary check valves so that the flow

will occur only in one direction.

Regarding the temperature to which
water should be heated, much depends
upon the character and object of the
building. In bath houses modern prac-

tice provides for large volumes of water
heated to a temperature not exceeding
140 degrees rather than for a limited

quantity t water at from 170
to 180 degrees. In hotels and institu-

tions where there are kitchens, pantries,

sculleries and laundries, these require

for the dish-washing, and also for the

washing of clothes, water heated to at

least 180 degrees. For buildings of

limited floor area, but of many stories,

one or two large hot water heaters

placed in a central position relative to

the distributing system are considered

the best practice; but for buildings oc-

cupying a large floor area, or for groups
of buildings connected together, it is

cheaper and better to decentralise the

hot water plant, and to provide several

hot water heaters at different points.

The steam required for warming the

water can be conducted to the tanks

more economically than it would be to

run an extensive distribution system of

hot water pipes at the ceilings of the

lowest floors from a central hot water

heater to all the distant buildings of a

group.

Systems of fire protection for large

modern buildings are now in some cities

required by law. But whether so called

for or not, it is always wise to install an
efficient fire-protection apparatus, for

even in so-called fireproof buildings

there is a large mass of combustible

furniture and of inflammable goods,

papers and other office materials which
may catch fire and endanger the lives

of the tenants by flames and by smoke.
The fire-extinguishing apparatus put in

should be chosen with a view of putting

out a fire in its incipiency, and before

it can gain any considerable headway.
It should consist of fire standpipes, with

outlets on every floor, and provided

with fire valves, hose and fire nozzles.

There should be, in addition, on each

floor portable fire extinguishers and
some fire pails. The diameter of the

standpipe should be increased with the

height of the building, and it should

never be less than four inches.

For buildings of large floor area sev-

eral lines of standpipes should be in-

stalled . These standpipes are connected

with the fire pump in the cellar, and
they also have branches with gate and
check valves leading to some conspicu-
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ous point outside of the building where
the so-called Siamese fire department
connections are provided, to which the

firemen, when summoned to a fire, con-

nect their hose. In many cases the fire

standpipe is also connected with the

roof or pressure tank system, so that in

case the fire pump should cease to oper-

ate the available supply of water in the

tanks may be utilised to put out a small

conflagration.

This article would not be complete
without some brief reference to the ma-
terials used for the distribution of water.

In modern buildings very little lead pipe

is used. The piping consists either of

galvanised standard wrought iron lines

or else of tinned and semi-annealed brass

pipe. The latter is the more expensive,

but also the more durable, material.

For the piping of very high buildings,

in which the water pressure in the lower

half of the building becomes very heavy,

the extra heavy wrought iron pipe is

used. In the fittings used for the con-

trol of the flow of water a pronounced
tendency is noticeable in recent years to

use gate valves in place of lever-handle

stop cocks or globe valves, this change
being the result of recommendations of

leading hydraulic engineers who concur

in the view that gate valves are prefer-

able because they have a full waterway,

and, therefore, give a better flow of

water.

In the arrangement of the water sup-

ply distribution of modern buildings,

considerable improvement is noticeable

in the better protection of water supply
pipes against freezing. The principal

pipe lines are carried more exposed and
accessible than formerly; hot water lines

are covered with non-conducting cov-

ering to prevent loss of heat from radia-

tion, and cold water pipes are similarly

covered to prevent sweating or conden-

sation. All fixtures where water is

drawn are provided with separate shut-

off valves and with air chamhers, and
where pressure-regulating valves are

used, they, too, perform a useful inci-

dental function in acting as cushions

and preventing sudden shocks and ex-

cessive water hammer, endangering the

stability of pipe lines.

Much attention is paid in the running
of the supply pipes to prevent the heat-
ing up of the cold water from the hot
water lines. Faucets, ball cocks and
flushing cisterns are made of the best
and most durable material, a more ex-

tended use is made of polished red metal
in place of the perishable nickel-plating,

and there is considerable improvement
in the numerous other details of the

water service. The only point, possi-

bly, in which no progress has been
effected is in the noise accomDanying
the flow of water in pipes, or the flush-

ing of the fixtures. It must be con-

ceded that the solution of this problem
in domestic water supply is beset with
difficulties.

An extended discussion of plumbing
work would be out of place in an article

dealing with water supply, and a few
points only regarding the fixtures in

which the water is utilised will be men-
tioned. Improvements of lasting qual-

ity have been made in the manufacture

of both the high-grade enameled iron-

ware and of the solid glazed porcelain

ware, for lavatories, bathtubs, and sinks

Fixtures of either materials have reached

such a high degree of perfection that it

is difficult to predict further improve-

ments. Wash basins with plug and lift

arrangements are the most sanitary, and
among the best recent basin faucets is a

self-closing measuring and waste-pre-

venting faucet with convenient push
bottom, which seems to be perfectly

adapted to the requirements of modern
buildings other than residences. In

public buildings, hotels, office and com-
mercial buildings and in institutions,

special drinking fountains are provided

and supplied with artificially cooled

water, kept in continuous circulation.

In the water supply to water closets

and urinals a tendency has recently

sprung up of discarding the reliable

overhead flushing tank, and using in-

stead a flushing valve or
'

' flushometer.
'

'

The results attained in the use of such

fittings are, in the writer's judgment,

not in accordance with the broad claims

made for them, and appear, on the

whole, to be of doubtful advantage.

Closets with flush valves are not, as the
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writer finds them in actual practice, al-

ways reliable; they are not noiseless, as

claimed, except where the flush is un-
duly cut down; the valves easily get
out of order; in a row of many closets

no two will be found to work quite

alike. If a general roof flushing tank
is used to supply the flush valves (as

required by some plumbing regulations)

,

the system of flushing becomes excessive

in cost. In the opinion of the writer

the regular overhead flushing tank
should be retained as the standard,

which it is not easy to improve upon,
and where, in exceptional cases, this

cannot be used for lack of proper head
room, the low-down tank closets are

superior to closets with flushing

valves.

A novel feature of water closet bowls
deserves special mention, because it

forms almost the only improvement
brought forward in recent years. This
is a bowl so arranged that its rear in-

side, if bespattered from use, is effi-

ciently flushed after each use, while the

front portion is so patterned that no
spilling of urine between top of bowl
and seat can take place. This removes
about the only objectionable feature of

the modern open plumbing work of

water closets.

The automatic flushing of urinals was
exceedingly wasteful of water, but the

new chain and pull flush tanks solve this

problem, and the general public is grad-

ually getting accustomed to making use

of the pull flush. The best urinals for

public places are those made in niche

form of solid glazed porcelain.

Mention should be made of the in-

creasing tendency to do away with the

expensive and useless branch venting of

traps, and of the steadily increasing use

of good non-siphoning traps for fixtures.

Regarding the general arrangements of

toilet rooms in tall, modern office build-

ings, a vastly better plan is to have a

few water closets, urinals and a lavatory

on each floor rather than to provide one
general large toilet room for the use of

the tenants of all floors, for the latter

plan, though it seems to be the favourite

with architects and real estate men,
leads to a great loss and waste of time

of office employees, besides tending to

crowd unduly the elevator service of the

building. Proper attention is given to

the ample and efficient toilet room ven-

tilation, and this being accomplished
and the fixtures sanitarily arranged,

well-flushed and maintained in cleanly

condition, there exists no longer any
cause for the use of the objectionable

disinfecting toilet agencies which are, at

best, palliative remedies, not to be com-
pared in efficiency with a good plumb-
ing and water service.



WARSHIPS OF THE GREAT POWERS
A STUDY OF RELATIVE COSTS

By Archibald S. Hurd

N
AVAL power of the

first class is becom-
ing more and more

restricted to those nations
which have large financial

resources, high techni-
que and well- organised
industrial conditions.
As men-of-war benefit

b y scientific re-

search in its bear-

ings upon warfare

afloat the outlay-

on the equipment
o f warships i n -

creases. The
modern war vessel is the

outcome of a hotly waged
contest between the two naval

schools of offence and defence. On the

one hand there is the gunnery officer,

the torpedo officer, and the engineer,

each clamouring for consideration of his

individual claims when a new ship is

being designed.

The engineer urges the importance
of speed as a tactical advantage of the

highest value in cruisers and of relatively

great importance in battleships, since it

is the swift ship of whatever class which
can fight or run away, and it is the swift

vessel which can choose the formation

of battle and the range at which it is to

be fought. These advantages have been
illustrated in the manceuvers of the

British and American fleets, and the

naval officer of the school of offensive

warfare regards the engineer with more
favour than was once the case, so long
as he does not poach on what is regarded
as the minimum equipment of guns and
torpedoes. Between these two arms a

continual contest is waged, and the re-

sult of the Japanese tactics in the open-

ing of the war between Russia and Japan
has given to the newer weapon an ad-

vantage, which will probably produce
some changes in naval design.

On the other hand, there is the de-

fensive school, which urges the import-

ance of heavy armour in order that the

stability of the vessel may be preserved

under fire. The outcome of this com
petition between armour, guns, tor-

pedoes and steam is a compromise. As
a rule, the gunnery and torpedo officers'

claims receive first consideration in a

battleship's design after provision has

been made for a due measure of protec-

tion, and moderate power only is pro-

vided for in the engine room.
In cruisers speed comes first. In

armoured cruisers of recent date a fairly

successful attempt has been made to

turn out a battleship with the travelling

power of the swiftest cruiser. The suc-

cess of these vessels has reacted upon
battleship design, and consequently the

space devoted to propulsion has of late

been growing at an astonishing rate. In

some of the European navies, construc-

tors are required to obtain a speed of

nineteen knots, in battleships, and Col.

Cuniberti, the naval constructor of the

Italian fleet, has such faith in the tactical

advantage of speed in the heavy ships

of the fighting line that he is building

battleships which are to have a speed of

twenty-two knots, a io-inch belt (4
inches at the ends), carry two 12-inch

and twelve 8-inch guns, with 8 and
6-inch armour protection and stowage

for 2800 tons of coal,—and all on a dis-

placement of 12,625 tons. No other

Power has attempted to imitate this de-

sign.

It is recognised that a ship is only a

moving gun platform, and to obtain

43
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TABLE I—BATTLESHIPS
Date of Displace-

Ship Completion merit
Warrior, lirst ironclad built 1861 9,210
Bellerephon 1865 7,550
Hercules 1868 8,680
Devastation. 1873 9,330
Inflexible _ 1881 11,880
Anson ^89 10,600
Resolution 1894 14,000
Majestic 1897 14,900
King Edward VII about 1905 16,350

ARMOURED CRUISERS
Imperiense 1886 8,400
Galatea 1889 5,600
Bacchante 1902 12,000
Good Hope 1902 14,100
Kent 1903 9,800
Black Prince 1906 13,550

PROTECTED CRUISERS
Blake 1892 9,000
Edgar 1893 7,350
Crescent 1894 7,700
Powerful 1898 14,200
Ariadne 1900 11,000

Cost

,£380,000
356,000
370,000
360,000
812,000

791,000
929,000

983,732
1,426,000

530,000
291,000

787,000
1,040,000

735,000
1,138,000

460,000

429,083

Weight of Armour
(Tons)

980 (iron)
1, ico "

1,34°
"

2,540
3,160
2,800 (compound)
4.5°°

"

2,880 (Harvey steel)

high speed on a relatively small dis-

placement something must be sacri-

ficed or the displacement increased.

Consequently in the effort to produce
ships combining all the claims of each
department and of each school of

thought without reducing the strength
of the hull or the radius of action, it has
been necessary to add to the size. The
result has been that in the British,

American, Russian and Japanese navies,

all of which will soon have afloat ships

of over 1 6, 000 tons, the fashion at the
moment is in favour of great dimensions,
and the moderate dimensions school is

in disfavour.

This tendency to increased size and
cost can best be illustrated by a few fig-

ures drawn from the progress of the
British navy, showing not only the in-

crease in displacement, but the growth
in the outlay upon ships which has been
out of proportion to the augmentation
in size, and is due to the introduction
of expensive and elaborate scientific

equipment and machinery. In Table I.

are given the figures as to some typical

battleships and cruisers of different

dates.

These figures are impressive. They
show the immense increase in the cost
of modern ships of war, a rise, to take
a recent instance, from under a million

for the battleship Majestic to nearly one
and a half millions, the cost of each of

the eight vessels of the King Edward
VII. class now under construction. In

the case of cruisers we have an almost

corresponding growth, for the armoured
cruiser has now displaced the protected

ship, and the expenditure runs from
three-quarters of a million to over a

million sterling.

These figures are sufficiently startling,

and reveal the difficulty experienced by
a poor country in keeping pace with the

programmes of rich neighbours. Italy

has failed to maintain her position in

comparison with France, and France
has signally failed to hold the place she

occupied fifteen years ago in contrast

with Great Britain, while further west
the United States is fast overhauling

several European rivals.

But it is not only a matter of money,
though with money a very imposing
fleet can be bought, as Russia proved
when she needed men-of-war in the Far
East to support her diplomacy, and as

Japan has found, for she also went
abroad for all the large ships in her fleet.

Japan was wise; she not only acquired

the ships, but she trained officers and
men on the best system and fitted out

adequate bases for the maintenance of a

fleet.

Money goes a great way, but unless

a nation is prepared to buy everything

abroad it needs great mineral resources,

especially iron, high technique for the

construction of ships, guns and tor-

pedoes and the manufacture of armour,
and a smooth-working industrial organ-

isation. Even if she has these advan-
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tages her course is not a clear one, for

the continual developments in every

detail of warlike material is continually

causing machinery, representing colossal

sums, to become useless. From year

to year mechanism representing a huge
capital is rendered ineffective, and it has

to be put on the scrap heap. All this

means the employment of vast sums of

money, and not only adds to the cost

of the output, but calls for a high cour-

age on the part of those who are willing

to realise the instant when it is the truest

economy to
'

' scrap
'

' what may quite

recently have entailed a large expen-

diture.

In this respect industrially backward
nations are severely handicapped. Con-
sequently naval strength is more and
more to the strong—the strong finan-

cially, industrially and intellectually, for

it is only the quick, "bright
'

' man who
can recognise when further additions

must be made to the scrap heap.

Another important consideration is that

with the increase in the size of ships,

especially the growth in the length of

cruisers,—the Powerfuland Good Hope
types are 500 feet long, —new and most
costly docks have to be provided
wherever these vessels are serving.

It is not without some interest to note

how the gross total cost of a modern
man-of-war is arrived at, for it is not

easy at first sight to see how as much
as a million and a half sterling can be
put into a single floating gun platform,

displacing only 2350 tons more than the

new battleships of the Duncan type,

1 9-knot vessels of 14,000 tons, and only

1450 more than those of the Majestic

tons and 18 knots, and (c) an older ship
of the Majestic class of 14,900 tons and
17^2 knots:

—

Here is an illustration in some detail

of the immense sum which is spent on
an armoured man-of-war of the latest

type, and further analysis would reveal
that a large part of the cost of the hull

is represented by the armour, a most
serious item, because, owing to the re-

peated changes in the process of manu-
facture, the cost per ton is continually

increasing. On this aspect of naval ex-
penditure the Admiralty shed no light.

Only the officials at Whitehall and the
contractors know what is paid for the
Krupp steel with which ships are now
being provided.

The actual weapons of offence are not
expensive in comparison with many
other details. The guns of the King
Edward VII. entail an expenditure of

only ,£89,070; those of the Formidable
class, ,£71,670; while the armoured
cruiser Good Hope's armament cost

only ,£46,040, and that of the cruiser

Kent, of 9800 tons, only ,£29, 100. It

is not the mere guns with which the

fighting is done which runs into huge
figures, but the type of platform on
which these weapons are carried, the

character of their mountings, the power
of the machinery, the defensive qualities

of the armoured belt. Guns are com-
paratively cheap, bat armour is a seri-

ous detail which looms large in a ship's

estimate. As Mr. Francis Elgar, him-
self at one time Director of British Dock-
yards, remarked in a paper read before

the Institute of Naval Architects in

189v—

Hull, fittings and equipment
Propelling and other machinery
Gun mountings and torpedo tubes .

Guns
Incidental charges

ing Edward VII.
(16,350 Tons)

,£"818,000

217,068

89,070
S6,o8 7

Formidable
(15,000 Tons)

713062
205.319
123,022

71,670
82,802

Caesar
(14.900 tons)

631.324

85.573

77.275
64,420

77.154

935.746

class. Admiralty figures are available

for one of the eight huge ships of the

King Edward VII. class. These are the

chief items for (a) one of the latest ships

of the largest class of 18 knots, (b) a bat-

tleship of the Formidable type of 15,000

" Reference is often made to the

enormous cost of modern battleships.

Each ship of the Royal Sovereign and
Magnijicent classes costs, with incidental

charges, ,£850,000 to ,£900,000, with-

out armament, ammunition, or sea-
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stores. A little over two-thirds of this

amount is expended upon the hull, fit-

tings, and equipment. The most im-

portant item of cost is, however, the

armour plating; and it is a peculiarity

of this item that while the cost of hull,

apart from armour, and the cost also of

propelling machinery has been greatly

reduced during recent years, the cost

of armour has been increasing. Modern
mechanical improvements, that have so

much diminished the cost of production

in other departments, have failed to pre-

vent the market price of armour plates

from increasing. The armour of the

present day is twice as costly as the iron

armour of twenty to thirty years ago.

The result is that we have reached a

point at which the vertical armour upon
a ship costs double that of all the other

materials of the hull, including the whole

of the fittings and equipment, as in the

Royal Sovereign class; and where it

amounts to nearly half the total cost,

for materials and labour, of the hull,

fittings, and equipment, as in the Mag-
nificent class.

'

'

The sums spent upon British ships

seem large, and yet the expenditure is

less than in any other country, nor are

the reasons for this far to seek. It is true

that wages in England are higher than

on the Continent of Europe; but, on
the other hand, they are less than are

paid in America. One of the main
causes of the differences in the outlay

lies in the fact that England has a huge
mercantile marine, and still builds an

immense tonnage for foreign merchant
fleets, apart from the orders she receives

from the governments of many states

for men-of-war. If works are economi-

cally managed, the result of a large out-

put of work, of the ability to keep the

machinery and the hands always em-
ployed, is a saving in the cost.

For many years past, employment in

the British yards has been fairly con-

stant, and another benefit has arisen

therefrom. When work is spasmodic,

the men who are discharged, it may be
well skilled hands, are apt to drift off

into other employment; but in England
the steadiness of the demand has en-

abled firms to give high and regular

wages to an immense army of skilled

workers; in other words, they have
been able to keep their staffs together,

and as a result the good workmen have
had opportunities of becoming more
proficient.

Another great factor in favour of Brit-

ish shipbuilding has been the cheapness

of money. With consols before the

war paying barely three per cent., it

was not difficult for the organisers of

great industrial works to obtain practi-

cally as much money as they desired at

a low figure, and this was the period of

great development in shipbuilding yards.

Ease in the money market led to great

extensions and reacted on competition,

for many new yards were equipped and
there is a larger number of firms now on
the Admiralty list of approved con-

tractors than at any previous period in

British shipbuilding, all of them firms of

good standing, with ample commercial
stability and a character to lose if work
is badly done.

Without trenching upon heated cur-

rent politics, it may be added that the

system of
'

' free imports
'

' of steel and
other products from abroad has also had
an effect in keeping down prices; but

whether this result has been obtained at

the expense of other industries is for the

politician to say. The bare fact, as

stated, cannot be controverted.

The influences which have made for

cheapness in the great private yards in

the United Kingdom have reacted upon
the government establishments in re

ducing the cost of shipbuilding. The
outlay on identical ships built under the

government and built by contract are

being repeatedly checked, and while the

dockyards are more expensive, if allow-

ance is made for the profit represented

in the gross sum paid to private firms,

the country does not pay more in the

one case than in the other on the aver-

age. The tendency of late years has

been towards employing private firms

to an increased extent in shipbuilding,

so as to leave the Royal dockyards more
free to deal with the repairs of the im-

mensely increased fleet which has been
provided as a result of the activity which
has marked the period since the Naval
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Defence Act of 1889. Though the

plant in the government establish-

ments has been much improved of late,

it is still far behind what is found in

any of the first-class private yards, and
this in itself handicaps the official build-

ing yards to a serious extent. Every
shipbuilder who has visited Portsmouth
or Devonport or Chatham dockyards is

struck with the antiquated methods
still in vogue. It is easy for a First

Lord of the Admiralty to obtain money
for building fresh men-of-war, because
the cry of the nation is continually for
'

' Ships, more ships.
'

' But it is difficult,

and sometimes impossible, for him to

obtain an adequate sum for bringing the

equipment of the dockyards up to date.

If there has to be reduction anywhere
in the draft estimates at the dictation of

the Cabinet, it is the sum which is set

aside for improving the government
establishments which goes. Why ?

The question answers itself. The na-

tion wants ships, will have ships; they

appeal to the imagination, and when the

time comes for a general election, though
the navy is far less the battledore and
shuttlecock of parties than it was, it

stands to reason that the party which
has added many men-of-war makes a

better impression on the elector than

the politicians who explain that while a

less sum has been spent on ships, a

much needed improvement has been
carried out at the dockyard, so as to

enable them to deal more effectively not

only with the work of repair in peace
time, but with the task of dealing with

defects made in action and sending in-

jured ships to sea, smartly, to renew the

fight, and, it may be, snatch a victory

from the foe who is less well prepared
at his bases.

It must be added that in recent years

considerable progress has been made in

the task of better fitting the government
yards to do good work cheaply, expe-

ditiously and well; but there is the lee-

way of years of neglect to be made up,

and arrears of a quarter of a century

cannot be overtaken in half a dozen
years.

This spring, however, the Admiralty
recognised that the output of the dock-

yards was not satisfactory, considering
the immense capital invested in building
and plant, and it was decided to intro-

duce on March 14 tentatively a " pre-
mium '

' system of payment of labour.

It is hoped that the introduction of the
premium system will lead to the work-
men taking an increased interest in their

work, machines, tools, and equipment
generally, and to keenness on their part

in pointing out to their officers where
improvements may be made and time
saved, resulting in better methods of

work.
Increased energy and industry on the

part of the workmen, added to such
improvements as may be adopted from
their suggestions and resulting in work
being done in less time than hitherto,

will immediately benefit them by in-

creasing their
'

' premium '

' earnings.

At first it has been applied to certain

classes of machine work, and if satisfac-

tory results are obtained the system may
be extended. The system will enable

workmen to earn, in addition to their

ordinary weekly wages, extra remuner-
ation for doing work in less time than

the fixed time allowed for it. The sys-

tem is thus briefly described in the offi-

cial Admiralty " notice." When a

piece of work is given out, a certain

time, based on known times taken for

similar work done on ordinary time in

the particular shop, will be allowed for

it.

This time allowance will include all

the necessary time for obtaining tools

and materials, preparing the machine,

and lifting and setting the work in or

on the machine, any removal and reset-

ting, change of tools, and removing
work after completion. If the work is

satisfactorily completed in less time than

the fixed time allowed for it, the work-
man becomes entitled to a premium,
varying in amount with the time saved.

If, on the other hand, he takes longer

than the time allowed, he will still be

paid his ordinary wages.

From this it will be seen that while

the workman may increase his wages by
his own individual effort, he cannot lose

money by the introduction of the sys-

tem. Premiums will be calculated as
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follows:—The value of a " premium
hour

'

' will be considered to be one-

forty- eighth of the workman's weekly-

wages, and the amount of premium
earned on a job will bear approximately

the same relation to the ordinary wages
due for the time taken to complete it as

the time saved bears to the time allowed.

To give an example :—Suppose a man
is given forty-eight hours to do a job

and does it in thirty- six hours; he saves

one-fourth, or 25 per cent., of the time

allowed, and accordingly will be cred-

ited with 25 per cent, of the time taken

to do the job, which is nine premium
hours, so that a mechanic in receipt of

36s. per week, and whose " premium
hour rate" would, therefore, be gd.,

would receive 9 x 9d = 6s. gd. pre-

mium for this job, in addition to his

ordinary wages for the period worked.

Similarly, a skilled labourer in receipt

of 24s. per week, and whose " premium
hour rate" would, therefore, be 6d.,

would, in the example quoted above,

receive 9 x 6d = 4s. 6d. premium.

A convenient way for the workman
to calculate his premium is to multiply

the time taken by the time saved and

divide the product by the time allowed,

all times being taken in hours. This

will give the premium in hours which,

multiplied by the " premium hour

rate," will give the amount of premium
earned. Or it may be stated thus:

—

Time taken x time saved _ )
Premmm

\ time.Time allowed

Taking the case already given :-

36 X 12
9 premium hours.

The time taken will be recorded to

the nearest quarter of an hour. In cal

culating the premium the time taken

will include all the working hours from

the time of commencement of a job up
to the time of commencing the next job.

Overtime, and night and day shifts, will

be paid for at overtime rates, as at pres-

ent, but will only count as ordinary

hours in the calculation of the " pre-

mium. '

' Lost time, or absence without

leave, will count in the time taken.

Absence with leave will not be included

in the time taken. It is to be clearly

understood that a " premium" is not

earned until the finished work has been
inspected and passed as satisfactory.

Apprentices will not for the present be
employed on " premium " work.
What is the cost of shipbuilding in

other European countries ? It must be
admitted that Germany has made im-

mense strides. The progress of the

shipbuilding industry in the Empire has

been extraordinary. It has grown by
leaps, and as the demand has increased

so the cost has been decreased, and in

some instances work has been done so

expeditiously that British records have
been lowered. Two of the new battle-

ships of the German fleet were at sea

within two years of the laying down of

the keel plates. It is several years since

as quick construction was achieved in

England. In Germany it has been at-

tained by a high standard of industrial

organisation, by which every sub-indus-

try has been ready with its contribution

before the time it was required, with the

result that all stoppages of work have
been avoided.

On the general progress of the Ger-
man shipbuilding industry an excellently

compiled and most interesting book,
copiously illustrated, has recently been
published (Crosby, Lockwood & Son,

London). In this volume the compiler

and editor, Herr G. Lehmann-Fels-
kowski, thus sums up the position of

the industry in Germany :
—

" Whilst Germany but three decades
ago possessed only a few insignificant

shipyards, its shipbuilding being, there-

fore, quite unimportant, she now par-

ticipates to a very great and increasing

extent in the world's shipbuilding.

Germany disposes at the present day of

a number of shipbuilding establishments

of the very first order.
" Of the 27,000 vessels of more than

100 tons burden existing in 1900 in the

chief countries, 1727 had been built in

Germany. This is insignificant in com-
parison with the 13,609 vessels of Brit-

ish origin, representing about one-half

of all seagoing vessels existing between
the more important nations. Germany
has herself drawn upon England for

about 30 per cent, of her own merchant
fleet. However, within the last decade
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Germany's share in the world's ship- the building of ships. The increase in
building has increased to the extent of horse-power is even much larger, seeing
doubling her output of steamers in the that in the large yards, especially in
period from 1890101897. For out of Stettin, Kiel, Hamburg and on the lower
every 100 tons of the world's production Weser, the electric current generated
of steamships Germany has furnished, by German machinery is being used,
in 1890, 6.5 tons, and in 1897, I2 - 8 and this is not included in the above
tons. statistics.

" With this increase Germany stands "At the end of February, 1898, the
alone, whereas -the United States and eleven more important yards employed
England have had their respective 24,220 hands, besides using machinery
shares reduced, in the case of England of 12,494 horse-power. At the end of

from 81. 1 to 75.4 per cent. In the 1898 twenty-one of the largest German
total of all seagoing vessels built in 1898, yards employed 30,400 hands. The
Germany participated with 8.3 per aggregate horse-power used in these
cent; in the total of the merchant ves- yards was 16,000, and counting the
sels distributed over the various nations power of one horse as equal to that of

in 1898 to 1899, Germany participated 24 men, the force would be equal to
with 8.2 per cent, against 66.1 per 414,400 men all told,

cent, for England. This signifies for '

' There were delivered in that year
Germany in 1890 to 1891 an increase of 226 new vessels, of a total tonnage of

38.4 per cent, compared with an aver- 120,000, and having a value of 84 mil-

age increase of the merchant fleets of Hon marks. Besides, there remained
all nations of only 27.4 per cent. on the slips 218 vessels, of a total 432,-
"As regards the actual output of 000 register tons and 235 million marks

ships, Germany cannot yet rival Eng- value.

land by a long way. England still sup- " Nearly all these yards were com-
plies nine tons to only one ton for Ger- pelled to extend their works and work-
many (1898), whilst the future com- ing plant continuously, thereby increas-
petition of the United States still remains ing their output both in quality and
an uncertain factor. quantity. Amongst these yards there

" With the increase of German ship- are several which, like the imperial
building the number of workmen has, yards at Kiel, lay themselves out for the
of course, multiplied in the same ratio, construction of warships, and have built

According to a census of 1895, there such vessels both for home and foreign
existed in Germany 11 30 shipbuilding countries. These are:

—

establishments, employing 35 ,000 hands.
Of these, 46 yards with more than 50

FOR THE NORTH SEA district

workers employed altogether 28,600 %^£*;--$&?nZ?£2Bcbait «VMT>>
hands. In Tune, 1882, there were more

1 , ,

J
1 -ij r^i FOR THE BALTIC DISTRICT

shops, but only 23,000 hands. The
. Tr . , „ „ . „ „

, c j_i 1 .. 1 • • j At Kiel ..Krupps Germania Yard
number of the latter has since increased At Kiel Howaidts Works (Howaidtswerke)
hv K.f) o ner rent whprpaq in the shons At Stettin Stettin Vulcan (Stettiner Vulcan)Dy 5°-9 Per cent., wnereas in tne snops A t Danzig & Eibing-Schichau.
employing more than 50 hands the num-
ber of the employed has risen by 70.7 " The three imperial yards employ
per cent. altogether about 13,000 men, the larg-

" The total quantity of horse-power est private yards in Stettin, Hamburg
in the shipyard engines has increased and Kiel and Danzig each 4000 to 7000
since 1875 by nearly 800 per cent, viz., men. Besides these are the medium
from 1 121 to 8556. It must be borne sized and small yards at such ports as

in mind that these numbers, owing to Flensburg, Bremerhaven, Geestemiinde,

the system of compiling the statistics, Tonning, Liibeck, Rostock, Papenburg,

do not apply to the whole of the large Stettin and Danzig. Of the 25 large

shipbuilding establishments, but only to German yards 1 2 are in the North Sea
those departments actually engaged in district, viz. :

—

1-4
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At Hamburg 3 yards The ships are never quite the same asOn the Lower Weser 5 " r n
At wiiheimshaven. 1 " (imperian they ought to be; the price per ton

AtPape
e
nburg::":: \ » <

in construction)
varies in

_
quite scandalous proportions;

AtTonning 1 " fae \oss \s great from a fighting point
" In the Baltic district there are 13 of view,—it is still larger from the

yards, viz.:

—

economic; and the country's money is

AtKiei 3 yards (of which 1 imperial) being spent without profit. Complaint
At Fiensburg 1

"
js being continually made at the cost of

At Lubeck 1 , ? J
. . 1

At Rostock 1
^ new ships, the slowness with which they

At DaS" ::::".'.".".".:
I

" (of which i imperial) are built, and the want of homogeneity
AtEibing.. 1 " of our types. But there will be no

" Most of these yards have docking change while the present regime con-

accommodation, either floating or dry tinues, which considers it more neces-

docks, the floating docks being mostly sary to satisfy particular interests than

in use in the private yards. Hamburg to work for the defences of the country,

and Stettin have the largest floating "It is only by centralising the con-

docks, with a lifting power of more than struction of the same types of ships in

17,000 tons." the same dockyards,—here small ves-

In France, in spite of government en- sels, there large,—that it will be possi-

couragement, there has been no such ble to make ships as homogeneous as

development in shipbuilding. What- they ought to be, from the keel to the

ever the cause, the French industry has head ; that we shall be able to accelerate

been comparatively stagnant. In the the work, and so make sensible econo-

history of the development of shipbuild- mies, and do away with the disquieting

ing French designers and constructors and grievous difference of cost for the

have laid the world under a heavy debt

;

same work which now exists between
but, in spite of their initiative, invention, the different yards.

and technical ability, it is other nations " If it has taken nearly six years to

which seem principally to have profited construct the Jeanne d' Arc,—and we
by the attention which they have given could quote other cases as bad,—it is

to the subject. The result is that to- the fault of neither the constructors nor

day Germany is building warships not the workmen; it is the result of old

only cheaper, but far quicker than is habits, which, formerly inconvenient,

done in France. are now most hurtful. Formerly if a

This means that France is paying ship was a long time building the mis-

more for her naval defence than her chief of the delay was not great, but to-

neighbour. Slow construction is always day some years in completing a ship

dear construction, and, moreover, the means that she is already obsolete by
French have the knowledge that whereas the time she is ready for commissioning,

the German ships take the seas repre- Another cause of delay in completing

sentative of the latest devices, the acme new ships is to be found in the amount
of up-to-dateness,—if the phrase may of repairs, which have to be carried out

be used,—the French ships, owing to on other ships, to cope with which a

the long period their completion occu- large number of men have to be with-

pies, lose not a little of their effi- drawn from ships building. This is

ciency before they take their place in particularly the case at Toulon,

the squadrons. In his report on the '

' The proportion of the administra-

French Naval Budget in 1902, M. tive expenses of the different dockyards,

Lockroy, a former Minister of Marine, as compared to the actual work carried

wrote:

—

out on the fleet, is given in the follow-
'

' Money is wasted when the construe- ing percentages :

—

tion of new ships of the same type is "Cherbourg, 49.3; Brest, 19.0;

distributed among several yards. Sev- Lorient, 29.3; Rochefort, 25.3; Tou-
eral sets of plans have to be made, and Ion, 41.6.

the cost is proportionally increased. " The difference between the yards
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Nationality

French (estimate).

Germany

Italy

United States

1902
1901
1906
190

1

1900

Displacement
(Tons)

14,000

TABLE II.—RELATIVE COST OF BATTLESHIPS
Date of

Completion Ship

1904 Russell
London

Vengeance
Patrie
Jena

Kaiser Wilhelm II
Wettin

1904
1905
1895

Braunschweig
Vittoria Emanuele III.

Sardegna
No figures available

1898 Poltava
1897 Sessoi Valiky

Iowa
Kearsarge
New Jersey

i4,92 7
12,032
11,150
11,800

13,200
12,624
13,860

10,960

",565
ii,34°

11,54°

14,948

Speed
(Knots)

19
18

18%

Cost

;i,098, 7 i 7
1,114,808

880,872
1,421,708

1,111,340
962,500

1,071,250

1,157,500
aoo testim'e)
1,057.440

1,093,000

796,333
544,539 C«)
618,514 (a)

462,345 («)

(a) Exclusive of armour and armament.

is, therefore, considerable, ranging from

19.0 per cent, at Brest to 49.3 per cent,

at Cherbourg."
It has been reported that to some

extent economy has since been effected

in the administrative expenses in French
dock-yards, but there is no evidence to

support this view.

It is not easy to arrive at a correct

estimate of the cost of American men-
of-war, but that it exceeds the outlay in

Great Britain there is no doubt. The
estimates are prepared exclusive of the

outlay on armour and armament, most
important items. In various countries

the expenditure on armour differs very
greatly, as the demand and supply vary.

Details are available which enable a

comparison with the relative cost of war-

ship building in various European coun-
tries to be presented in a summary form
which effectively illustrates the differ-

ences which exist. In compiling Table
II., battleships of about the same dis-

placement nave been chosen, and the

results are as shown:

—

These figures illustrate that the Brit-

ish people are still able to provide their

naval defence comparatively cheaply,

but in comparison with their European
rivals they have an expensive voluntary

service for crews, whereas foreign

nations obtain three or four men at the

cost of a single British seaman, a fact

which helps to equalise the ultimate cost

on European squadrons, probably leav-

ing the balance of advantage on the side

of the foreigner.

-TONNAGE OF VESSELS BUILT SINCE 1883

, U. S. of America!

-United Kingdom- Germanyt Francet

sailing Steam
tons tons

148,090 744,126

173,179 415.095
219,094 221,918

145,248 186,279
87,127 290,071

96,393 477,554
137,147 717,582
148,692 663,946
229,610 579,883
287,072 514,476
123,874 460,800

99,628 569,864

64,717 582,917

73,291 663,523
89,700 554,997
44,890 825,718

50,483 898,527
46,122 898,145
6r,663 921,470
81,064 869,361

Total

tons
892,218

588,274
441,012
331,528
377,198
573-947
854,729
812,638

809,493
801,548

584,674
669,492

647,634
736,814
644,697
870,608

949,010

944,267
983,133 101,

950,425

tons
35,223
57,162
15,930

27,07s
15247
31,936
32,502
24.018

28,465
18,604
2i,795

18,240

22,945
39,158
55,780
37534
68,276

89,299
105,682

Information not
available

tons
74,469
54,727
22,241
37,74t

27.170
28,281
77,7o6

71,895

70,547
49-307
47,685
71,960
68,330
42,179
86,619
88,608
103,311

On the
Sea

Coast
tons

210,349
178,419
121,010

64,458
83.061

105,125
111,852
169,091

237,462
138,863
102,830

80,099

67,127
102,544
103,504
112,879
196,120
249,006
291,516
290,122

On the
Mississippi

River and
its Tribu-

taries

tons
26,443
16,664
11,221

10,595
10.901

11,859
12,202

16,506

19,984
14,800

9,538
9,111
8,122

15,771
11,792

13-495

23,552
14,173
22,aba

9,836

On the
Great
Lakes
tons
28,638

30,431
26,826
20 400
56,488
101,103
107,080
108,526

45,969
99,271
4i,9 s 5
36,353
108,782

116,937

54,084
80,366
130,611

169,085
168,873

Total

tons
265,430
225,514
159,066

95,453
150,450
218,087

231,134
294,123
369,302
199,632
211,639
I3i,i95

111,602

227,097
232,233
180,458
300,038

393-790
483,489
468,831

+ Tonnage built and added to the register. t The figures for the United States are for the years
ended June 30th in each case, and represent the tonnage built and added to the register. They include
the tonnage of canal boats and barges.
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Apart from such considerations, how-
ever, the figures as to the first cost of

ships are of immense interest. It may-

be seen from them that Great Britain

provides a ship of 14,000 tons at the

same outlay approximately as France
spends on a vessel of 2000 tons less dis-

placement and with one knot less speed;

while the German battleship Wettin, of

less than 12,000 tons, represents nearly

the same outlay as the British London,
of 15,000 tons displacement. Russia,

again, pays more than Germany, and
even more than France, if we may judge

by the expenditure upon the Poltava

and her sister ship.

It will also be noticed that Great Brit-

ain can afford to build a ship of the class

of the King Edward VII. at the same
cost as the French Patrie, of less than

15,000 tons. In effect, for every shil-

ling she lays out in fighting power the

British obtain a large percentage more
fighting power than any of their rivals.

The conditions in the United States are

peculiar, because there the outlay on
ships is heavy, and they have not the

counterbalancing advantage of a con-

scriptive system to help readjust the

balance.

Apart from other influences which are

at work in the United States, the high

rates of wages paid, which are the high-

est in any country, have had their effect

on the cost of shipbuilding. From a
return lately issued by the British Board
of Trade, it appears that the wages in

certain skilled trades in various coun-
tries compare thus:

—

Average Wages in
Fifteen Skilled

Trades for a Tyt>i- Great
cal Standard Year Britain U. S. Germany France

In the capital *... 42
All other towns.. 36

s. d. s. d
75 24
69.4 22.6

Rates of wages expressed in percentages
In the capital* 100 179 57 86
All other towns.. 100 193 63 63

* New York is regarded as the capital of the
United States.

In spite, however, of any disadvant-
ages under which shipping in the United
States may suffer, a remarkable develop-
ment of shipbuilding has occurred in the
past twenty years, and the movement
shows no signs of having reached a cli-

max. In Table III., on page 51, is

given the tonnage of vessels built in the
United Kingdom, Germany, France
and the United States since 1883.

From all comparisons the same fact is

revealed that while the United Kingdom
still builds warships and merchant ves-

sels cheaper than any other country, its

pre-eminence is more threatened than
ever before.



ELECTRICAL PROGRESS IN CANADA
By George Johnson, Statistician of the Dominion of Canada

THE 24th of May, 1904, was the
sixtieth anniversary of the send-
ing of the first Morse message

over^a telegraph wire. Without enter-

ing into the controversy which has
sprung up as to the reality of the claims

that have been made for other persons,
the fact that messages were sent on that

date sufficiently differentiates the month
of May, 1844, to fit it to become a start-

ing point in an estimate of the develop-
ment of electricity as a factor in modern
civilisation.

There are now throughout the world
over one million miles of telegraph line

and over four million miles of wire.

These represent an outlay of capital

equal to 500 million dollars. The out-

lay for cables will increase the total

capital invested to 850 million dollars.

Over head and under seas there is a
daily transmission of 1,500,000 tele-

grams and 36,000 cable messages, the

yearly totals being 557,000,000 land
messages and 13, 100,000 cables in 1903.

This is the minimum, for in South
Africa (for instance) there are thousands
of miles of line which are in the hands
of companies that are not required to

make returns. Another fact that has

to be taken into consideration is that

these figures do not include the tele-

grams sent by railways in the manage-
ment of their own business. These
number many millions a year. Thus,
Russia, in 1902, included the telegrams

despatched hither and thither over her

37,000 miles of railway, and the result

was a total of 101,639,542 telegrams,

whereas in the year before ( 190 [ ) , when
railway telegrams were not included,

the messages sent numbered only 20,-

000,000.

A third fact ought to be kept in mind.
In many countries, Canada, for instance,

the press messages are not included in

the number reported. Everyone knows
the important part the newspaper tele-

graph service plays in a country of mag-
nificent distances such as Canada, where
for months, during which the Federal

Parliament sits, the whole country is

absolutely dependent upon the daily

telegraphed report for a knowledge of

the proceedings. Divided by ten to

represent an ordinary message, the

millions of words of press
'

' flimsy
'

'

would far exceed the other messages
sent and delivered in the course of the

year, and representing the business, the

social and the other activities of the

country employing the telegram as a

medium of communication.
No estimate can be made of the num-

ber of these messages. It is plain, how-
ever, that at least 1,500,000 messages
pass to and fro every day of the 365
days of the year. All this immense
business can be traced to that beginning

in May, 1844, when the Morse system
turned the plaything of science into an
instrument of practical world-wide,

every-day use.

The countries which most use the

telegraphic mode of communication are

the British Empire, the United States

of America, Germany, France and
Austria-Hungary.
The British Empire has over 218,000

miles of line and nearly 1,000,000 miles

of wire, and sends and receives 127,-

000,000 messages a year.

The United Kingdom despatches and
receives about 92,500,000 messages, or

222 per hundred of her population.

Her daughters follow her example.

Australia goes beyond her, sending 223
per 100 of the population.

New Zealand, the wonderful sister

under the Southern Cross, goes far be-

yond her mother, sisters, cousins, aunts

or any other relative or stranger coun-

53
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TABLE I.—TELEGRAPH STATISTICS.

Countries Year Miles of

Line
Miles of
Wire

No. of

Messages
No. of

Offices

No. of

Messages
per Head
of Popu-
lation

1903
1902
1902
1902
1902
1903
1902
1902

1902
1902
1902
1902
J 902
1902
1900
1902
1902
1898
1902
1902
1902
1902
1902

1901
1901

i902
1901
1901
1902
1901
1903
1902
1902
1901
1902
1903
1901
1901
1901
1901
1903
1902
1903
1902
1902
1902
1902
1902
1902
1901
1901
1902
1902
1902
1903
1903
1903
1903
1903
1901

49,450
45,343

7,749

57,495
17,885
36,780
3,308

67

4S0.400
121,818

22,672
190,887
38,832
96,728

15,187

92,471,000
8,431,372

4,713,351

6,749,372

7,555,500
5,313,800

1,654,000
33,500

12,129
3,102

1,103

2,006

'
3,664
300

2.22
2.23
6.10

India and other Asian Possessions .02

1.08

Newfoundland and B. W. Indies... .92

.15

218,077

1,056
39,372
29,397
4,047
2,465

1,803

14,710
11,060
14,000

8,600
888
840

2,300

2,385
1,242

90,592

6,520
2,420

10,700
83,526
3,830

3,490

2,825
28,472

tl6,128
2,170

656
43,675

343
4,010
7,518
2,440
500

5,480
3,220

5,301

4^350
106,417

1,920
430

2,300
2,900

20,170
10,077
9,978

5,556
25,100

2,562
196,115

250
470
720

4,604

966,524

3,168

198,303
58,656
21,874
8,625

4,873
27,720
68,710
49,000

25,800
3,108

2,940
3,450

8,855
4,347

340,180

18,240
5,500
32,100

309,644
5,590
10,470

8,475
107,810

78,710
6,510

1,390

"'427

16,158
22,554
7,320
1,500
8,270

11,688

7,104
8,780

325,978
5,760
1,290
4,925

7,700
47,470
31,695
53,813
23,765
39,800
10,868

1,029,983
750

1,410
2.160

13,812

126,921,895

158,400
31,554,715
7,000,000

14,252,100
1,075,000
427,452

1,505,042
4,879,719

3,430,000
600,000

62,160

284,532
430,125

2,409,365
434,470

47,280,070

2,369,456

978,000
1,605,000

45,216,963
1,205,095
929,619
61S.00O

11,682,366

18,073,407
325,500
87,300

2,665,998
29,590

5,728,222

729,316
140,640
97,044
16,540

152,808
4,054,230

142,080
2,318,683

$101,639,542
715,084
40,000

1,092,527
154,000

4,627,713

2,813,830

2,278,639

3,273,784
4,976,070

tl,617,946
91,391,443

37,500
70,400
43,200

397,493

21,644

'

b',228

520
1,372

68
134

1,003
608
250
448
40

153
169
60

13,527

539
122
300

25,621
241
157
168

6,078

2,197
325
196
377
21

761
389
119
75

112
48

461
80

1,866

'"135

65
145
360

1,534
2,175
974

2,137
907
544

23,567
40
70
42

101

.69

1.46
2.07
.47

.25

Brazil .10

Chili 1.57
.01

.15

.92

.27

.98

.31

1.21
Colonies and Dependencies:

.50

.51

.40

.80

.50

.59

1.05
.36

.06

.37

.19

.13

1.08
.02

.28

.15

.002

Peru .03

.73

.01

.12

.15

.71

.07

.44

.02

.25

.55

1.01
.99

.21

.16

1.20
.24

.07

.005

.04

854,268 3,099,028 430,118,178 100,697

1,072,345 4,065,552 557,040,073 122,341

* The statistics for Africa are very incomplete, many thousands of miles of line being in the hands of

companies making no returns.

t Not including State telegrams.

% Russia including railway telegrams, which numbered 91,639,542.

§ These are statistics of the Western Union Telegraph Company, and include their Canadian ownings.
Other minor lines in the United States will bring up the figures to those given above.
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try in the world, topping the list with

550 telegrams* per 100 of her popula-
tion, Maories included.

Canada in 1903 had 36,780 miles of

line and 96,728 miles of wire, and her

record is 5,313,800 messages, or just

about 1 message for every man, woman
and child on her broad acreage. In the

matter of miles of wire Canada some-
what exceeds the United States, having

18,250 miles per million inhabitants

against the United States equipment of

about 13,000 miles per million.

The African possessions of the British

Empire, notwithstanding that only a

comparatively small proportion of the

messages sent are included in the avail-

able statistics, have a record of 7,555,-
000 messages, or 108 per each 100 of

their population.

Table I. gives as complete a list of

countries and telegraphic statistics as

the writer has been able to compile.

ELECTRIC PROPULSION

It is about sixteen years since the

scientific practicability of propulsion by
means of electricity was demonstrated.

In the United States there are about
eleven hundred street railway systems.

(The United States Census returns give

871 street railways, chiefly electric, for

1900. ) There are 25, 800 miles of track;

the capitalisation is $1,630,000,000 and
the funded debt $1,275,000,000, The
earnings were over $240,000,000 last

year, between $600,000 and $700,000
a day.

The United States have made great

progress. They have 322 miles of elec-

tric railway to each million of the popu-
lation of Continental United States.

These carried between 5,000,000,000
and 6,000,000,000 persons, or about
sixty-five times the population, and
about eight times as many as the steam-

driven railways carried. Canada' s elec-

tric railways carried last year 167,704,-

000 passengers, or about thirty-one

times the population of the Dominion.
When it is recalled that the urban

population of the United States forms

* In New Zealand the number of telegrams for-

warded in the year ended March 31, 1904, was
4,671,904, an increase of 9.38 per cent over the num-
ber for the year 1903.

over 37 per cent, of the whole, while

Canada's urban population is only 26
per cent. , it is evident that the electric

railways of the Dominion are doing well

and give promise of doing better; as

Canada's urban population, following

the continent's trend, increases its pro-

portion, Canada's electric railways car-

ried, like those of the United States,

about eight times as many passengers

as her steam-driven railways.

Ottawa claims to be the first city in

Canada to adopt electricity as the mo-
tive power of street railways, the Ottawa
Electric Railway Company beginning

its career in July, 1891. The develop-

ment in Canada is, therefore, all within

twelve years. That of the United States

began in 1888, when there were under
100 miles of electric railway in the coun-

try.

Table II., on the next page, gives

particulars of the Canadian electric rail-

way companies for the years ended
December 1, 1901-1903.
The following is the distribution by

provinces of the electric railway mileage

in 1903:—
Single Track Double Track

Ontario 273.14 87.64

Quebec 96.09 82.57

British Columbia 41.75 6.25

New Brunswick 10.06 2.50

Nova Scotia 23.71 1.58

Manitoba 10.00 12.00

Total 454.75 192.54

TELEPHONES

The summer of 1904 was the thirtieth

anniversary of the invention of the tele-

phone. In 1874 Mr. Graham Bell, then

on a visit to his parents, who lived in

Brantford, made some laboratory experi-

ments which proved that speech could

be transmitted by wire. Two years

later, August, 1876, the first transmis-

sion of speech over a telegraph wire

took place in Brantford. In 1877 the

telephone went into commercial use, the

city of Hamilton being the first to estab-

lish it.

From that beginning the use of the

telephone has been constantly on the

increase. The first returns the Statisti-

cal Office secured showed that in 1883
Canada's equipment was 44,000 miles

of wire; 35,500 instruments, by means
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TABLE II.

1903. 1902.

Total number of railways sending returns...
miles of track, single
miles of track, double
motor cars
trailers
snow-sweepers and ploughs
miles run
passengers carried
employees

Total amount of capital paid up
bonded debts
gross earnings
gross expenses

46
454.75
192.54

2,053

39,721,153

167,703,958
7,439

$29,838,326
17,013,758
7,777,324
5,018,779

421.39
188.09

1,895
326
97

36,711,130
145,609,993

5,427
$25,961,254
15,794,408
6,865,907

4,140,490

43
376.35
179.10
1,853
302
85

,547,975

,885,258

5,443

,734,040

,166,225

,283,666

,699,283

28,547,908
94,616,344

$18,309,876
10,454,452

of which 72,500,000 messages were sent

in the year. In the ten years since the

number of instruments has increased to

81, 500 and of messages to 253,970,000,
an increase of 144 per cent, in instru-

ments and of 250 per cent, in number
of messages.

Taking the population of the last

Census, there is in Canada one telephone

instrument to every 65 persons.

Number Persons
Provinces to One Telephone

Ontario 67.9
guebec 63.8
ova Scotia 99.4

New Brunswick 85.3
P. E. Island 215.0
Manitoba 51.5
N. W. Territories 251.3
British Columbia ; 33.4

There were on the first day of this

year fifty-six companies in Canada, di-

vided by Provinces as follows :

—

Twenty in Quebec, eleven in Ontario,
seven in New Brunswick, six in Nova
Scotia, one in P. E. Island, two in

Manitoba, three in the Northwest Ter-
ritories, one of these being in the Yukon,
and six in British Columbia,—the Bell

Telephone Company being counted
three times, one in Quebec, one in On-
tario, and one in Manitoba. Actually
there are fifty-three, and we obtained
this year returns from all but seven.
Some of them are under the control

of the Bell Telephone Company, and
their returns are included in that com-
pany's returns.

The United States in 1900 showed a
per capita of one telephone in forty,

while in some places, such as San Fran-
cisco, it had reached one in twelve
(IL S. Census Bulletin). The latest

statistics indicate a per capita of one in

thirty-eight. This rate of progress is

exceeded by Denmark, in which coun-
try the per capita is one in every four-

teen. Canada has not used the tele-

phone to the same extent, but we ap-
pear to be making great strides forward,

and British Columbia has come within

measurable distance of the greatest of

telephone-using peoples, the people of

Stockholm, in which city there is one
telephone to every eight persons.

The Dominion began to construct

telephone lines, with a commercial end
in view, in 1877, as already stated. As
far as somewhat incomplete statistics

show, fourteen telephone companies
now in operation began distributing
" hellos " in the decade 1880-1889,
fourteen in 1890- 1899, and thirteen in

the present decade. Of the remainder
there is no record. The usefulness of

the telephone in business in rural com-
munities is well illustrated by the prac-

tice in the great fruit-growing valley of

Nova Scotia. The steamer of Halifax

is loaded up with all she purposes car-

rying of other articles. She is to sail

on a Saturday afternoon for Liverpool.

Her agent telephones to Kentville and
Wolfville on Thursday that there is space
left for, say, 2000 barrels of apples.

Kentville and Wolfville telephone to the

sub-agents of the London (Eng. ) fruit

dealers, " How many barrels can you
send to Halifax ?

'

' These sub-agents

jump into their gigs and in an hour have
arranged with the orchardists as to the

number of barrels to be delivered on
Friday evening at each station along the

railway. Then they telephone the re-

sult to head stations. Cars are provided
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France
Germany
Great Britain and Ireland
Austria-Hungary
Denmark
Belgium
Switzerland
Netherlands

in accordance. The fruit is shipped to

Halifax Friday night, put on board the

steamer the next morning, and off goes
the steamer, the fruit having been ex-

posed to high temperature hardly at all,

the orchardists having had ample time

to get their barrels repacked, the rail-

way full opportunity to supply the

necessary cars, and the steamer being
able to take on board the freight with-

out exposing it to the influence of ad-

verse conditions of weather on the wharf.

The number of telephone messages
per annum for different countries is :

—

..... 187,002,352
766,226,337
723,246,368
147,543,138
59,210,855

38,753,367
26,670,381
31,460,979

Norway 1,723,347

United States 3,002,000,000

ELECTKIC LIGHT, HEAT AND POWER
COMPANIES IN CANADA

The equipment of electric light, heat

and power companies with which Canada
has provided herself is of comparatively

recent date. No mention is made in

the Census of 1881 of the industrial em-
ployment of electricity. In the Census
of 1 89 1 the following information is

given :

—

Establishments 80
Employees 763
Capital $4,113,771

Wages 297,684

Output 1,154,149

The Census of 1901 limited the in-

quiry as to manufacturing to establish-

ments having five hands and over,

smaller industrial establishments being

ignored. This limitation renders the

Census of 1901 useless either for com-
parison with the previous census or as

a guide to the equipment of the country

in respect to any special industry, such

as electrical applications. In the pre-

paration of the Statistical Year Book
for 1903 an effort was made to procure

such data as would give the student a

practical and useful idea of the develop-

ment of the application of electricity to

the production of light, heat and power
in 1903, with the following results:

—

Establishments 316
Employees 1,786

Capital $20,000,000

Wages 896,215

Output 4,809,227

These figures show a large increase

in the twelve years:— Of establishments,

236; of employees, 1023; of capital,

$15,886,229; of wages paid, $598,531;
and of output, $3,655,078.
The following are the returns of 1891

and 1 90 1 for establishments employing
five hands and over:—

ELECTRIC LIGHTS, ETC.
1891 1901

Establishments 23 58
Employees 630 899

Capital $3,185,257 $11,891,025

Wages 237,348 451,047

Output 845,134 2,008,017

Expressed in percentages, the in-

creases are:—Establishments, 121 per

cent. ; employees, 43 per cent. ; capital,

273 per cent. ; wages, 90 per cent, and
output, 137 per cent. In 1891 the

yearly wages of the employees averaged

$376.75; in 1 901, $501. The annual

output per employee in 1891 was$i342,
and in 1901, $2234.
The percentage of output to capital

in 1891 was 26 per cent, and in 1901,

1 7 per cent. The wages increased 33 T/i

per cent. , and the efficiency of the work-

ers, judged by output per employee,

increased 66 per cent.

The development in the several Pro-

vinces, taking the returns of 1891 and

of 1903, as seen in the number of estab-

lishments of all sizes, is as follows:

—

Provinces 1891 1903

British Columbia 2 17

Manitoba 2 7

New Brunswick 7

Nova Scotia 7 22

Ontario 48 199

P. E. Island 2 3

Quebec 9 49

Territories 2 6

The great Province of Ontario, which

in 1 89 1 had 60 per cent, of all these

establishments, had 63 per cent, in 1903.

The other Provinces have made evident

progress. In the Province of Ontario

in 1903 about 100 of the plants were

found to be using coal or wood, about

60 using water power, and 35 steam and

water, the remainder not stating the

particulars. In Quebec Province 6

establishments reported using coal or

wood, 38 utilised the water power of the

Province, and 7 combined water power

and steam power. In New Brunswick

1 1 obtained power from coal or wood
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and 2 from water. In Nova Scotia 16

used coal and 6 water; in Prince Ed-
ward Island, 2 coal and i water; in

Manitoba, 5 coal and 2 water, with

steam as an occasional auxiliary. In

the Territories, except in the Province
of Quebec, the majority of the plants

use coal or wood; sometimes sawdust is

utilised. Some of these electric plants

have been absorbed by others, so that the

316 plants really represent 324 different

places lighted by means of electricity.

These in 1903 had 14,780 arc lights and
1,212,861 incandescent lights. Taking
the arc as equal to ten incandescent

lights, the country had on June 30 last

1,360,661 lights in use. This is an in-

crease of 236,865 lights in twelve

months, or over 21 per cent. Where
there were five lights in 1902 there were
six in 1903. The growth since 1898
has been:—Establishments, 1903, 324,
an increase of 65. Arc lights, 14,780;
increase, 4391. Incandescents, 1,212,-

861; an increase of 749,246, showing an
increase of 42 per cent, in the number
of arc lights and of 161. 6 per cent, in

the incandescents.

Of the Provinces, Ontario is far away
the chief employer of the electric light.

This Province had 203 of the 324 plants

in use in the Dominion. It has consid-

erably more than one-half the total num-
ber of arc lights, and 47 in each 100 of

the incandescents. Thirty-four muni-
cipalities in the Province supply them-
selves with electric lighting.

The Province of Quebec has 53 plants,

3,853 arc lights and 409,503 incandes-

cents. It is, therefore, behind Ontario
by 4571 arcs and 158,990 incandescents.

It has made, however, greater propor-
tionate gain since 1898 than Ontario,
the gain in arcs being:—Ontario, 36.2
per cent.

;
Quebec, 47.6 per cent. ; and

in incandescents, Ontario, 138.6 per
cent., and Quebec, 212.3 Per cent.

During the period 1898- 1903 the num-
ber of plants in Quebec increased by 13.

The largest single plant in the Domin-
ion is that of Toronto, with its 170,000
lamps, arcs being taken as each equal
to 10 incandescents. The next largest

is that of the Lachine Rapids Hydraulic
& Land Company, Montreal, 158,503.

The third in size is the Ottawa Electric

Company, with 111,927 lights.

The other Provinces have made con-

siderable progress. To the west, Mani-
toba has in 1898- 1903 increased its arc

lights from 162 to 375 and its incandes-

cents from 13,800 to 31,905.
The Northwest Territories have not

increased as rapidly as the other parts

of the Dominion, their arcs numbering

29, an increase of 4 in the period named,
and their incandescents numbering 6677,
an increase of 1997.

British Columbia shows the largest

proportionate increase of any of the di-

visions of Canada, its increase of arcs

being 377, or 82 per cent., and of in-

candescents 74,297, or 257 per cent.

In 1898 British Columbia and Nova
Scotia had almost the same number,
British Columbia having 7 more arcs

and 169 more incandescents; yet Nova
Scotia has increased the number of its

incandescents by 32,140, or 11. 16 per

cent. The three Maritime Provinces

had, in 1898, 951 arc lights and 46,977
incandescents, and in 1903 they had
1267 arcs and 93,120 incandescents, an
increase of 33^3 per cent, for arcs and
of over 98 per cent, for incandescents.

In the manufacture of electrical ap-

pliances and supplies considerable pro-

gress has been made.
Table III. gives particulars of estab-

lishments having five hands and over.

TABLE III.—ELECTRICAL APPLIANCES
1891 1901

Establishments 13 25
Capital $1,520,000 $5,267,397
Hands 408 1,922

Wages $158,500 $848,618
Output 831,752 3,032,252

In addition, the census of 1891 gave
as follows, for establishments with under
five hands:

—

Establishments 10
Capital $43,813
Hands 17
Wages $14,615

Output 63,100

It will be a safe estimate to give the

smaller establishments of 1901 an in-

crease somewhat greater than that of the

larger ones, which is about 250 per

cent, say, a total output of $3,250,000
for 1 90 1, for both large and small estab-

lishments.

In addition, the imports of Canada
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have increased very considerably, and
attest, like the home manufacturing, the

vigorous development of electricity as

the harnessed servant of humanity.
Of electric arc lights and carbons and

carbon points, Canada imported during
the past fourteen years an average of

$35,000 worth a year. The imports for

1902 and 1903 averaged $1,090,050 a

year, and the imports for the year ended
June 30, 1904, were $2,406,912.

In detail the imports of Canada for

the last fiscal year were:—Electric light

carbons over 6 inches in circumference,

$62,794; all other electric light carbons,

$25,985; electric motors, generators,

dynamos and sockets, $488,944; elec-

trical apparatus, insulators, electric and
galvanic batteries, telegraph and tele-

phone instruments, $1,829,189; a total

of $2,406,912.
It may also be mentioned incidentally

that of this total $2,332,899 were im-

ported from the United States of Amer-
ica.

It appears that the outlook for Canada
is one that shows the country going for-

ward by leaps and bounds in its applica-

tion of electricity. Electricity will drive

the carriages on the King's highway as

well as those on the iron way. It will

do her plowing, sowing and reaping.

It will make trolley parks an important

part of the national equipment for re-

creation. If it does not help into this

life it will help some one out of it, by
order of justice.

It will do the nation's smelting and
welding. It will supply from peat bogs
fuel for Ontario and Quebec. In the

form of the '

' wireless
'

' it will make
travel by sea along her coasts and
estuaries as safe as travel about the

streets of the towns. It will make hats,

cook dinners and warm toes. It will

become so tamed to service that it will,

with the message, present a photograph
cf the speaker, and cut out in one town
a cheque on a bank written hundreds of

miles away, and do it so well that the

original will be destroyed and the trans-

mitted cheque remain the only existing

original. Already twelve messages
have been sent over the one wire. How
many more, who can say ?

There is in use a telegraph-telephone

system by which Canadian railways can

employ the same wire for both simul-

taneously. Her surgeons use it to min-

ister to mind and body diseased. Her
warriors use it, in the form of the wire-

less, to transmit orders from the right

to the left of an army in extended order,

and thus are able to set thousands mov-
ing as one at the same instant over miles

of distance.

In fact, the electrical engineer is deal-

ing with a force whose uses have be-

come, and promise to become, even

more in the future than in the past, so

varied that, more than in any other pro-

fession, a man has to be wide awake all

the time, or he will be left behind even

while he is positive he is well to the

front.

The up-to-date man of to-day is rear-

guard to-morrow if he is not always on

the alert, so rapid are the movements,

so numerous the applications of the elec-

trical forces.
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CONDENSING PLANT

TYPES OF BRITISH CONDENSERS AND ACCESSORIES

By W. H. Booth

Concluded from the October Number

THE condenser of the Wheeler
Company is known as the Ad-
miralty type, with rectangular

shell, ribbed against collapsing pressure,

and with a large dome at the top for

storage capacity. At each end is a
brass tube plate, and the cooling sur-

face consists of seamless drawn brass

tubes, usually ^ inch external diameter,
and of No. 18 wire gauge, held in the
plates by screwed ferrules and cotton
packing, lips being provided on the fer-

rules to prevent the tubes from creeping.
The water ends are of cast iron, in the
form of a curved bonnet at one end and
a deep water box at the other. This
water box is provided with a horizontal

baffle plate, and the water makes two
passages through the tubes.

In another type of condenser, useful

where the circulating water is of good
quality, the tubes are arranged on the
Field system, in which the circulating

water enters and passes down an inner

small tube and returns through the an-
nular space between the tubes, thus ex-
posing a thin layer of water to the steam
and insuring a high efficiency in cooling
effect.

The Wheeler Company make the
American type of air and circulating

pumps of the horizontal, direct-acting

kind, consisting of one steam cylinder
which works the air and circulating

pumps, placed on either side of it, by
means of one piston rod. The arrange-
ment shown in Fig. 15 with the con-
denser mounted over the pumps is very
economical in space, and, owing to the
perfect drainage afforded to the con-
densed steam by the air pump, a high

60

vacuum can be held. In places where
independent or vertical pumps are pre-

ferred, or for steam turbine equipments
where a guaranteed vacuum within 2

inches of the barometer has to be main-

tained, the Wheeler Company, like

many others, supply air pumps built

under license from the Edwards Air

Pump Syndicate, as described above.

For circulating purposes the centrif-

ugal pump is then used, direct-coupled

to an engine or an electric motor, and
for outfits of moderate size an arrange-

ment of triplex Edwards air pump and
centrifugal circulating pump is used,

driven by one motor placed between
the pumps, with the pinion for the air

pump connected to one end of the

spindle, the other end of which is direct

coupled to the circulating pump.
For jet condensers, this company's

"standard type" consists of a cylin-

drical cast iron shell, fitted with a cop-

per spray tube, to deliver the injection

water in a fine spray into the condenser.

On the side of the condenser is a

vacuum-breaking device, which consists

of a float so arranged that should the

pump stop for any reason and allow the

injection water to rise in the condenser,

the float opens a valve to the atmos-

phere and breaks the vacuum, so pre-

venting the water from being drawn up
the exhaust pipe to the engine.

It is often essential to make arrange-

ments for removing oil from the con-

densed steam. In some systems this

oil is filtered from the water after leav-

ing the air pump or on its way to the

boiler. Although this may remove the

oil in suspension, it does not get rid of
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FIG. 15—CONDENSING SETS MADE BY THE WHEELER CONDENSER & ENGINEERING CO.,

NEW YORK AND LONDON

a certain amount of emulsified oil which
passes through the filtering medum.
In other systems the oil is coagulated or

precipitated by chemical means; this,

however, entails considerable attention

and expense for the necessary reagents.

Other methods treat the oil by electric-

ity and filtration, all of which means
expense and trouble.

The Wheeler Company provide a

separator which removes the oil from
the exhaust steam. This consists of a

vacuum-tight vessel, fitted with a series

of baffles upon which the exhaust steam
impinges, and the oil particles in sus-

pension collect on this surface and run

down to the bottom of the separator,

where the oil and a certain amount of

water which 'Collect are removed by a

small vacuum pump. By this means,
it is claimed, practically all the oil is re-

moved, leaving only one part of oil in

150,000 parts of water,—an amount
small enough to be negligible.

Generally speaking, with surface con-

densing and taking the initial tempera-

ture of the circulating water at 70 F.,

usual practice allows about 30 pounds
of circulating water for every pound of

steam to be condensed. Where the

water is higher in temperature than this,

a larger amount of water has to be al-

lowed for, this depending entirely upon
the existing conditions in each case.

The above allowance is for 25 to 26
inches of vacuum, this being what is

usually required for ordinary recipro-

cating engines. Where steam turbines
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FIG. l8.—CONDENSER WITH ELECTRICALLY DRIVEN AIR AND CIRCULATING PUMPS, BUILT BY W. H.

ALLEN, SON & CO., LTD., BEDFORD

FIG. 19.—END VIEW OF SURFACE CONDENSER MADE BY W. H. ALLEN, SON & CO., LTD.
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are used, it is usual to guarantee a

vacuum within 2 inches of the barome-
ter, say, 28 inches vacuum with a 30-

inch barometer, and under these condi-

tions 60, 70, or even 80 to 1 have to be
circulated, depending upon the initial

temperature of the water available. In

jet condensing the amount of water re-

quired is somewhat reduced, the usual

allowance being about 24 to 1 with cold

water for ordinary vacua.

The capacity of an air pump depends
entirely upon the conditions, and varies

with the different temperatures of the

circulating water available, length of

exhaust line and liability to air leaks,

and it is difficult to give any fixed rule

for determining it. The average allow-

ance is, however, that the air pumps
should displace twenty-four times the

volume of the water it discharges.

With steam turbines the temperature

must be so low and the volume of air in

the condenser is so many times that at

normal or atmospheric pressure that an
ordinary air pump cannot deal with it.

The Parsons Turbine Company have,

therefore, employed a supplementary
air pump in the shape of a steam jet

which gathers the extremely rarefied air

from the condenser and delivers it to

the air pump through a small supple-

mentary condenser. The condenser is

placed on a slope and the water leaves

it by the lowest end, and a trap is thus

made which shuts off the water outlet

from the air outlet. If the steam jet

will push up the air pressure by an

amount equal to 2 inches, then the high
vacuum of 28 inches will be dealt with
by an air pump otherwise fitted only for

a 26-inch vacuum.
The steam auxiliary is simply another

way of compounding an air pump. If

not employed, the turbine would require

air pumps about six times the ordinary

capacity. Given,

however, a suffi-

ciently low temper-
ature of the water,

so that the pressure

of vapour is lo\

condition secured

only with ample
and cold water

-END ELEVATION AND SECTION OF CON-

DENSER SHOWN IN FIG. 17

FIG. 17.—LONGITUDINAL SECTION OF HORIZONTAL JET CONDENSER MADE BY THE PULSOMETER
ENGINEERING CO., LTD., READING
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careful attention to air leakage will

do much to make an ordinary air

pump satisfactory. Most of the bad
vacua are due to carelessness on this

point, and it is common to see air

pumps over-driven with the object of

getting over the faults due to air leak-

age that ought to be checked by good
joints, painted pipes, and proper atten-

tion to packing of glands.

In jet condensers a very convenient

arrangement is that of Figs. 16 and 17,

as supplied by the Pulsometer Company,
of Reading, with horizontal steam-driven

pump, their vertical type being that of

Fig. 20. The horizontal is the type
generally used for jet condensing; in

the vertical type the air pump is of the

ordinary Edwards type, but the circu-

lating pump is of special construction.

The ordinary circulating pump is not

suitable for working on cooling towers,

except when running very slowly.

With the design shown in Fig. 20 the

pump can run comfortably at 150 feet

per minute on a cooling tower 40 feet

high, or, under ordinary conditions of

condensing, at 180 feet per minute.

The water has a clear run through, and
the direction of the water is continuously

one way.
In the horizontal pump the steam cyl-

inder is coupled on at the end, and, as

there is a fly-wheel, the steam can be
worked expansively, which is more
economical than direct-acting without

flywheel. In the jet condenser the

steam enters near the top at one side,

and is met by a shower of water spread

from a mushroom valve with a sprayer

guard beneath. The water falls down
the converging vessel, carrying with it

the air to the pump, the form of which
is clearly shown in the sectional view.

The arrangement is such that the air

can rise directly upwards to the delivery

valves and will be promptly discharged.

In the vertical pump, Fig. 20, the

circulating water is drawn in by both

ends of the bucket and delivered

through valves placed opposite the inlet

valves, all parts being sloped where
necessary to prevent the formation of

air traps, and the top valve coming flush

up to the top of the discharge chamber,

i-5

so that the air will be fully discharged
without formation of pockets, which
destroy the efficiency of a pump and
should be carefully guarded against.

The usual form of surface condenser
shown in Fig. 19, as made by Messrs.
W. H. Allen, Son & Co., of Bedford,

FIG. 20.—VERTICAL CIRCULATING PUMP

makes clear the arrangement of the

numerous brass tubes and the central

diaphragm which divides the tubes into

two sets so that the water shall make a

double pass through the tubes. The
extension of entrance surface is made
clear by the P-gap in the bundle of

tubes.

The same firm also supplied the con-
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densing plant shown in Fig. 21, and
made up of a condenser of 4000 square

feet of tube area, a twin 20" x n" air

pump driven by a compound engine 9"

and i5"x n", with a 14-inch circulating

centrifugal driven by a g"x 6" enclosed

i2"x 10", a 4"x 8' water pump, and a
12-inch centrifugal. The water pump
takes away the condensed steam, leav-

ing only the air to be dealt with by the

air pump. With circulating water at

8o° F. , Messrs. Allen provide 11,000-

PT3E

Air Pump Circulating Pump

FIGS. 22 AND 23.—PLANS AND SECTIONS OF AIR AND CIRCULATING PUMPS MADE BY MESSRS. HICK,
HARGREAVES & CO., LTD., BOLTON

engine. The air pumps are of the Ed-
wards type, and the whole forms a good
arrangement of a combined condensing
plant. A similar combination, electrically

driven, is shown in Fig. 18, the surface

of the tubes in this case being 2500
square feet, with three-throw air pumps

square feet of surface to deal with an
hourly steam supply of 90,000 pounds,
or a little over 8 pounds of steam per
square foot per hour. With colder

water more duty per square foot may
be expected.

The vertical displacement air pumps-
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of Messrs. Hick, Hargreaves & Co. is

shown in Fig. 22. Though double-

acting, there is no place in which air

can lodge. Entrance to the pump body-

is through the inclined valves on either

side of the sectional view, and escape is

through the numerous valves in the

cover. By the peculiar arrangement of

the casting the two ends of the pump
and the inlet and outlet valves are di-

vided into separate chambers.

In Fig. 23 the same design of plunger

is shown applied to a circulating pump.

FIG. 24.—ELEVATION AND PLAN OF LONG- STROKE
AIR PUMP MADE BY MESSRS. POLLIT &

WIGZELL, LTD., SOWERBY BRIDGE

There are two rows of six valves on each

side for inlet and outlet, respectively.

The sloping roof of each chamber pre-

vents lodgment of air which escapes

readily through the uppermost of the

outlet valves, which, it will be observed,

are at the extreme top of the left side or

outlet chambers flush with the roof of

the cover.

Messrs. Pollit & Wigzell, Ltd., of

Sowerby Bridge, have long been noted

for the quiet running of their long-stroke

air pumps, one of which is shown in

Fig. 24. The air pump is carried in

the middle of the condenser, and its

front end is open to the condenser,

while its back end is occupied by the

discharge valves. The bucket is simply

a plain, ring-packed piston, attached to

the tail end of the low-pressure piston.

Steam is condensed by the jet, and falls

to the bottom of the condenser. The
bucket creates a very thorough vacuum
on its out-stroke between the delivery

valves and the diagonal inlet slot,

through which, when uncovered by the

bucket, the air and water rush into the

barrel and are ejected through the de-

livery valves. These air pumps are

running at 150 revolutions per minute
at a speed of bucket travel of nearly 900
feet per minute.

A combined air and circulating pump
and surface condenser of the same firm

is shown in Fig. 25, in which will be
noted the peculiar entrance of the ex-

haust steam to the condenser by way of

a sloped passage which distributes the

steam over the whole length of the tubes

and minimises the risk of short circuits,

which end is secured also by the great

length of the outlet to the air-pump
chamber.
The fact that steam, even at very low

pressures, will flow at a high velocity

into a still lower pressure, is made use

of in the ejector condenser. One of

these condensers, as made by Messrs.

Ledward & Co., of London, is shown
in Fig. 28. Water enters preferably

under a head of several feet,—the

greater the head, the better the result.

Steam enters by the petticoat pipe, and
is entangled with the water, and, a

vacuum once formed, the steam flows

with a high velocity and adds velocity

to the flowing water, the combined
streams flowing off together. Condens-

ers of this type will give a vacuum of 26

inches under ordinary circumstances.

Where a head of water is not available,

the supply is furnished by a pump.
The ejector condenser is simply a par-

ticular case of the exhaust steam injector,

which, however, it antedated many
years. A simple calculation will show
the manner of working. The velocity

of steam being, let it be assumed, 800
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25.—SECTION AND PLAN OF SURFACE CONDENSER WITH CIRCULATING AND AIR PUMPS
AS INSTALLED BY MESSRS. POLLIT & WIGZELL, LTD., SOWERBY BRIDGE

feet per second, and the ratio of steam

to"! water being 1.20, the combined

velocity of steam and water will be about

40 feet per second, or one-twentieth of

800. Then by the law of falling bodies

we have V=S -J~ H; but V= 40, when
H must be 25 feet, and a head of 25

feet represents 10 pounds.

If, however, the velocity of approach

of the water be already that due to a

head of 9 feet, or 24 feet per second,

then the total velocity will be 40 + 24,

or 64 feet per second, which corresponds

with H= 64 feet, or a vacuum of about

27 pounds, which is more than possible,

and simply tells us that, with an initial

head of 9 feet, a good vacuum is possi-

ble with a velocity of steam less than

800 feet per second, or with a higher

ratio of water than 20, and generally

that the ejector condenser is a perfectly

feasible and non-mysterious appliance.

Fig. 26 shows an electrically driven

set of air and circulating pumps by
Messrs. Cole, Marchant & Morley, of

Bradford. In their practice this firm

have developed three principal systems

for driving the pumps required in con-

nection with independent jet and surface

condensing plants, viz., steam; rope or

belt drive from the main engines; and
electric motor drive.

The last of these three, from many
points of view, is most convenient in
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FIG. 26.—ELECTRICALLY DRIVEN AIR AND CIRCULATING PUMPS MADE BY MESSRS. COLE, MARCHANT
& MORLEY, LTD., BRADFORD
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FIG. 27.—ADMIRALTY TYPE RECTANGULAR CONDENSER MADE BY THE BLAKE & KNOWLES STEAM
PUMP WORKS, LONDON



7o CASSIER'S MAGAZINE

electric generating stations. With sur-

face condensing plant for driving by
motor no system works more smoothly
than the three-throw air pump with the

centrifugal circulating pump. Fre-

quently each pump is driven by its own
motor, but the cost of a slow-speed
motor for driving the air pump direct is

often prohibitive; therefore, a high-

speed motor is used with sin-

gle reduction, machine-cut
spur gearing to drive the air

pump.
Instead of two high-speed

motors, especially in the case

of smaller units, it has been
found of great advantage to

have one motor coupled di-

rect to the centrifugal pump
and carrying on the opposite

end of the spindle the pinion

driving the spur wheel on the

three-throw air pump shaft.

The pinion may be of rawhide,
and the pumps are so bal-

anced as to avoid excessive

noise, the whole plant being
efficient, compact and easily

maintained. The arrangement
shown in Fig. 26 is made in

a series of sizes suitable for

condensing from 3000 pounds
of steam per hour upwards,
though in very large units it

is generally found convenient
to drive the pumps by sepa-

rate motors.

The writer would point out,

finally, that the independent
condensing plant has no con-
stitutional disabilities. It has
the defects of its qualities. Its

very convenience of arrange-

ment which enables it to be
set to work to pump up a vacuum be-

fore the main engine is started is a
temptation to the ignorant or care-

less man, who, too idle to maintain
air-tight connections, uses his air pump
to cover up avoidable defects and wastes
more steam than the condenser saves.

But this is no fault of the system. The
fault is with the engineer who misuses
the plant.

There is a good deal of misapprehen-

sion generally regarding the economy
of condensation. As it means an addi-

tion of 12 or 13 pounds of mean pres-

sure on the piston, it is clear that con-

densing is very important in small trac-

tion stations where the load factor is

poor and the mean pressure on the

pistons of the engines is low, for the

equivalent of the vacuum forms a larger

FIG. 28.—EJECTOR CONDENSER MADE
BY LEDWARD & CO., LONDON

DISCHARGE

ratio of the total pressure. The benefit

expected from condensation must always

be considered from such standpoints, so

that the true commercial economy may
be accurately estimated.

The Blake & Knowles Admiralty

type condenser is rectangular in cross

-

section, the shell being of cast iron, with

a dome which allows room for the ex-

pansion of the steam on entering the

condenser. Under the opening is a per-
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forated baffle plate, to distribute the
steam over the cooling surface. The
tubes are of seamless drawn brass of %
inch external diameter, and of not less

than No. 18 B. W. G., and it is their

standard practice never to put in tubes
of less than ^ inch.

The circulating water preferably en-

ters the lower part of the condenser,
passes through the lower bank of tubes,

and returns through the upper bank.
The circulating water thus enters and
leaves the same end of condenser.

The condenser is usually mounted
above the combined air and circulating

pumps. This enables all piping between
the condenser and pumps to be dis-

pensed with. The circulating pump de-

livers directly into the water box and
the air pump draws from the condenser
body direct into the air-pump cylinder.

Both pumps are driven through one
continuous piston rod from the steam
cylinders located midway between the

pumps. The design of the steam cylin-

der can be varied, and in Fig. 27 is

shown a set arranged with ordinary sin-

gle steam cylinder. These sets are

built with from 50 to 60 square feet of

surface, to sets as large as may be rea-

sonably desired, having practically no
limit in as far as the size is concerned.

These outfits are also very largely used
in connection with cooling tower work,
and sizes can be properly proportioned
for this.

In connection with turbine plants,

where very high vacua have to be main-
tained, it was found practically impos-
sible under ordinary conditions to guar-

antee the vacuum necessary, so that a

special plant had to be designed for the

conditions. ["_

This plant consists of a condenser
of the above type, but arranged, on the

circulating suction side, with a vapour
cooler, in direct connection with the air

pump, and also hot-well on the lower

part of condenser. In connection with

the above a special form of dry vacuum
pump is used, arranged exclusively to

pump the air, while the ordinary centri-

fugal, or wet vacuum, pump deals with

the condensed water. With this ar-

rangement it has been possible to get a

vacuum close to the possible maximum,
and a vacuum of 28 inches is "guar-

anteed.

THE PROPOSED 20,000-TON AMERICAN BATTLESHIPS

By a Late Chief Engineer of the United States Navy

FROM current reports, it appears

that plans are in course of prep-

aration in the United States

Navy Department for new battleships

which shall surpass, in some respects,

any fighting machine now building or

afloat. The ships proposed are of 18,-

000 to 20,000 tons displacement, with

an armament consisting of guns of but

two calibres,—ten 12-inch placed in tur-

rets and in broadside, and, as a secon-

dary battery, at least twenty of the new
3-inch, quick-firing type. It is claimed

that such a battery of heavy guns would
constitute the most formidable armament
for long-range fighting that is practica-

ble under present conditions, while the

flood of fire from so many, and, in this

respect, such effective guns as the 3-inch

now is, would give the best possible de-

fence against attack by torpedo-boats or

destroyers, since this gun can now be

fired as rapidly as those of less calibre,

and is, of course, of greater range and
destructive power.

The advantage of restricting the

armament to guns of but two calibres

needs no supporting argument, in so far

as simplicity of hull-design and facility

of operation are concerned, and the

calibres proposed seem those which the

highest expert opinion favors at this
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time. The main objection to the design
is, as reported, that in order to con-
struct a ship of sufficient size to carry
so large a weight of armour, armament,
and ammunition, sacrifices must be
made in other directions, notably so in

engine power and speed. The latter,

it is stated, may be limited to 16 knots,

the argument advanced being that such
a ship is built " to fight, and not run
away. '

' The time-worn answer to this is

that she must first catch her enemy be-

fore it will be possible for her to fight.

The fortress at Port Arthur is also built
" to fight and not run away," but Ad-
miral Togo's fleet seem to have no diffi-

culty in escaping its fire.

The proposed design is not a new
project with the officials of the United
States Navy Department. It is, in

effect, a growth of years. The fact that

ships of this large tonnage are not al-

ready afloat in the United States fleet is

due less to expert objection than to the

difficulty of securing Congressional con-
sent and the necessary appropriations.

It took years to force American battle-

ship displacement from 10,000 to 16,500
tons, and the proposed increase will

probably meet the same opposition.

There is no doubt that, with proper
design, more fight can be gotten out of

20,000 tons than from 16,500, although,
both in America and in Great Britain,

a not inconsiderable weight of opinion
favours two 1 0,000-ton ships in place of

one of the total tonnage. All sorts of

arguments of the " too many eggs in

one basket '

' type, the division and
greater mobility of gun power, and
others, are advanced as to this; but
when naval designers have faced the

problem in practice, they have found
that, to fill all requirements as to armour,
armament, speed, coal endurance, am-
munition, stores, and room to billet her
crew, the larger the ship, the more
readily the best features of an ideal de-

sign could be embodied. In the at-

tempt to keep tonnage down, first the
engine power and next the coal endur-
ance have suffered, with the result that

some battleships strike an undesirable
mean, being able neither to fight nor
'

' run away '

' effectively. If, for ex-

ample, the battleships of the Port Arthur

fleet had possessed both high speed and
strong offensive power, they might, long

since, if well handled, have either

escaped to Vladivostok or have made a

worthy effort to wrest the command of

the sea from Japan.

In view of the fact that Great Britain

is already designing 1 8,000-ton battle-

ships, the size of the proposed vessels,

—20,000 tons,—is not revolutionary.

The tendency of the modern design to

avoid sacrifice in qualities of vital im-

portance leads inevitably to the largest

practicable displacement in the battle-

ship, which must not only have the

maximum power of offence, but be capa-

ble of high speed in the chase and of

long passages to distant seas. Espe-

cially is the latter true of the naval forces

of the United States, since the changes

wrought by the acquisition of Hawaii

and the Philippines and the develop-

ment of Alaska have given her a future,

measureless in its possibilities, on the

Pacific and in regions near the Asian

littoral.

Some expert opinion favours, for the

proposed main battery, twelve lo-inch

instead of ten 12-inch guns, the reasons

advanced being that a 10-inch shell will

batter in anything but the turrets of any
ship afloat, and as a greater number of

rounds of 10-inch than of 12 can be car-

ried, the advantage, in action, might

rest with the ship thus armed. As to

the secondary battery, below 5-inch, the

calibre is not of cardinal importance in

close fighting. The main object in this

is to pour a smothering flood of shell on
the enemy, driving his gun-crews from

their stations. The great weakness of

the small calibre for general purposes is

its short range. It is good for close

work only, while with good marksman-
ship, as the Japanese have so notably

shown, the naval battle of our time may
be fought and won at 6000 or 7000
yards, with heavy guns.

As far as torpedo attack is concerned,

any shot down to that of a shoulder-rifle

will disable any torpedo craft, since the

latter have hull plates but one-tenth to

one-eighth of an inch thick, and three-

fourths of the whole length of these frail
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vessels is filled with mechanism, engines
and boilers vital to their offensive power
and mobility. A well-aimed one-
pounder shot or shell will cripple the
most powerful torpedo-boat if it finds

its mark in either boiler or engine.

With regard to the submarine, the

tragic fate of a British vessel of this type
shows at least one effective way of meet-
ing its attack, namely, that of running
it down. A swift fleet of deep-draught
vessels under way in the daylight has,

with vigilance, but little to fear from

under-water foes. The proposed 20, 000-
ton battleships promise, as a whole, a
distinct advance in offensive power. As
to their speed, it would be a military folly

to construct any battleship, at this time,

with any such speed, or lack of it, as

that of 16-knots gives. One of the
principal lessons of the war in the
Far East is that speed is a vital es-

sential. The strength of a battery is

no better than weakness if, at will, it

cannot be brought within range of the

enemy.

«#*
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If there is any real good to be ac-

complished by automobile races of the

kind exemplified by the recent contest

held in the United States under the

auspices of the Automobile Club of

America, it remains yet to be demon-
strated. The only things that such
races seem to have proven are that freak

machines, unfit for commercial service,

can be run on ordinary roads at speeds
which good sense ought to discourage,

and that there are some foolhardy per-

sons willing to operate them at the risk

of their own as well as other people's

lives. Of course, we are told that auto-

mobile racing affords the right kind of

stimulus to good automobile building,

that it shows what the weak points are

in the machines which break down, and
that from such breakdowns good lessons

are to be learned; but when it is borne

in mind that in a race like this latest

one there was not a single machine of

commercial type, it would seem a waste

of time to speculate as to the value of

the results. A freak racing automobile

affords very little basis for profitable

study. It matters little, except in the

interests of sport alone, that such a ma-
chine can be run at 70 or 80 miles an

hour; indeed, there is nothing very re-

markable about it. It means an over-

powered machine, a fairly good road,

and a madcap driver, and in some cases

a serious accident before the run is

ended. Ordinary automobiles in regu-
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lar service,—business or pleasure serv-

ice,—do more to develop good auto-

mobile engineering experience than any
number of such wild races. Last
month's contest is said to have shown
that the really weak points in all the

machines in the race were the tires; but

as nails and broken bottles were also

said to have been plentifully scattered

over the road at some places by ill-dis-

posed persons, thus creating abnormal
conditions, the tires clearly would seem
not to have had a fair chance.

Warship launching has been a con-

spicuous feature of American happen-
ings during the past few weeks, three

battleships and one gunboat having
gone into the water in as many different

yards. The battleships are the Con-

necticut
y
of 16,000 tons displacement,

built at the New York, or, as it is famil-

iarly known, the Brooklyn Navy Yard,
and launched on September 29; the

Nebraska, of 15,000 tons, launched on
October 7 at Moran Brothers' shipyards

at Seattle, Washington; and the Geor-
gia, also of 15,000 tons, launched on
October 1 1 at the yard of the Bath Iron

Works, at Bath, Maine. The gunboat
in question is the Paducah, launched on
October 13 at the yards of Messrs.

Charles L. Seabury & Co., Morris

Heights, New York. The Connecticut

is a sister ship of the Louisiana, being

built by the Newport News Shipbuild-

ing and Dry Dock Company, both ves-

sels having a load water-line length of

450 feet, an extreme breadth of 76 feet

10 inches, and a draught at full load of

26% feet. Twin screws and triple-

expansion engines of 16,500 I. H. P.

will drive the ships 18 knots an hour,

and Babcock & Wilcox water-tube boil-

ers will supply the steam. Each vessel

will have a complete water-line armour
belt 1 1 inches thick for about 200 feet

amidships. Forward and aft of this the

maximum thickness is 9 inches within

the limits of magazines, from which
points the thickness is gradually de-

creased to 4 inches at the stem and
stern. In armament both ships will be

more powerful than any other American
battleship now afloat. There will be

four 12-inch guns in fore and aft turrets,

and eight 8-inch guns in turrets at each

corner of the superstructure. There
will also be twelve 7 -inch broadside

guns, while the secondary battery will

be composed of twenty 3-inch rapid-fire

guns, twelve 3-pounder, semi-automatic

rifles, eight 1 -pounder automatic rifles,

two 3 -inch field guns, and eight machine
guns. Four submerged torpedo tubes

will complete the offensive equipment.

There will be a crew of 780 men and 42
officers. The limit of cost of each ves-

sel, exclusive of armour, was $4,212,-

000. Both vessels, according to a re-

cent tabular comparison, are superior to

any vessel of any other navy either afloat

or under construction.

The Nebraska is the first battleship

built on the Pacific coast of America

north of San Francisco. She is a sister

ship of the Georgia, the largest vessel

ever built in the State of Maine, and

also of the ships Virginia, Rhode Island

and NewJersey. Her cost was $3,733,

-

600. An interesting feature of her

launching was the presentation of a

check for $100,000 to Moran Brothers

by the citizens of Seattle by way of

bonus and as a mark of appreciation of

their enterprise in establishing works in

that city capable of turning out battle-

ships. Eighteen years ago these broth-

ers opened a little machine shop, 10 x 15

feet, on the water front, for the purpose

of repairing the machinery of small craft.

To-day their plant covers five acres.

The Georgia, as already noted, is a

15,000-ton ship, and is 441 feet long,

of 76 feet beam, with a draught of 24

feet. She will have a speed of 19 knots

and 19,000 I. H. P. Water-tube boil-

ers here, too, will supply the steam to

twin-screw, triple- expansion engines.

Four 12-inch guns, eight 8-inch and

twelve 6-inch guns will make up the

main battery, while the secondary bat-

tery will comprise fourteen 3-inch guns,

twelve 3-pounders, sixteen smaller guns

and four torpedo tubes.
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A new kind of labour union foolish-

ness has just come to light in the city

of New York. It is illustrated in a re-

cent daily newspaper account, accord-
ing to which one of the contractors en-

gaged in erecting ironwork on the sta-

tions of the new Subway was taking on
new men and needed both finishers and
helpers. The Housesmiths' and Bridge-
men' s Union has two classes of mem-
bers,—finishers and helpers. They are

two distinct trades, but are governed
by one set of officers. A helper, after

serving an apprenticeship, can become
a finisher, but each class must stick to

its own kind of work. A finisher gets

$4.50 a day, a helper, $3. The con-
tractor had no difficulty in obtaining all

the finishers he needed, but there was
a lack of helpers. He was looking after

his work at one of the stations when a

man applied for a job as a finisher. He
had no helper and said he could not find

one. It was necessary that a finisher

and a helper should work together on
this particular job. Just then another
workman came along and asked that he
be put to work. He was a finisher, but
when the contractor said he needed a

helper, the man said he would go to

work for the smaller pay, as any work
was welcome. The two men were
started putting up the iron grille around
one of the stairways. The contractor

moved on up the Subway to see how
the work at the other stations was pro-

gressing. The next morning his fore-

man reported that neither of the two
new men had turned up. Then the

man who had been employed as a fin-

isher came to the contractor' s office with
the explanation. He and his mate had
been at work for about an hour, he said,

when an eagle-eyed agent of the union
came along. He asked for the men's
cards. Each produced a finisher's

card. The finisher who was working
as a helper was told to quit, as he had
no right to work in the grade below,
even though he was willing to accept
less pay. The fact that no helpers were
to be had made no difference. He
obeyed the order to quit, and the other

man had to quit, too, as it was impos-
sible for him to work alone. The man

who wanted to work as a helper could

continue to do so, the agent told him,

if he would take out a helper's card.

If he did so, however, he would have
to work his way back into the finishers'

class, and that might take several years.

No one would have suffered by the fin-

isher's working as a helper; but, ac-

cording to union dictation, he had to

remain idle, and his companion as well,

though work was in sight and both were
willing to do it.

Telegraphing overland for a dis-

tance of 300 miles by wireless means is

one of the noteworthy engineering

achievements of the past month. It

was accomplished with the De Forest

system between St. Louis and Chicago,

and while the country between these

two cities is practically level, and, there-

fore, well suited to wireless transmission,

it is to be noted the cities themselves

intervened between the two transmitting

stations, affording obstacles to success-

ful wireless work which earlier experi-

ments had shown to be formidable ones.

Wireless signaling overland is, of course,

not altogether a novelty. It is, for in-

stance, well known that Fessenden has

had in experimental operation a circuit

between Jersey City and Philadelphia,

a distance of about 100 miles, for more
than a year. In the experiments also

that Marconi carried on between the

Mediterranean and Poldhu, in England,

in 1902, it may be remembered that

signals were reported to have been re-

ceived from Gibraltar, and beyond,—

a

distance of 750 miles, several hundred

miles of which were overland. These
last mentioned signals were, however,

sent in one direction only, namely, from

Poldhu to the Italian cruiser Carlo

Alberto, the transmitting apparatus at

Poldhu being very powerful. In the

De Forest experiments between St.

Louis and Chicago the masts were 200

feet high and twenty vertical wires were

employed. It is now stated that at-

tempts will shortly be made to open up
communication by wireless telegraphy

to New York from St. Louis,—a dis-
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tance of 1200 miles. Contemporane-
ously with the announcement that Dr.

De Forest had succeeded in sending
messages by his wireless system from
St. Louis to Chicago came the predic-

tion by the promoters of the enterprise

that in the course of a few months mes-
sages would be sent direct from Seattle,

in the State of Washington, to the Phil-

ippine Islands. Predictions of trans-

oceanic wireless communications, how-
ever, have not been wanting during the

past few years, so that actual proof of

such transmissions in a regular commer-
cial way would be infinitely more inter-

esting and important.

Apropos of President Roosevelt's

now much-quoted remark relative to

carrying the
'

' big stick, " it is interest-

ing to note that the car conductors on
a certain portion of tne electric railway

in Montreal are required to carry a stick

for a very useful purpose. Where the

line passes over the Lachine Canal and
several parallel forebays for water power
at St. Gabriel locks, the road is single

track, owing to the limitations of the

bridges. Because of several turns in

the road there it is impossible to see

from one terminal of the single track to

the other. To avoid the inconvenience

that would ensue from the meeting of

two cars on the single track, not to men-
tion the possibility of serious accidents,

the company has provided a painted

stick about 1 foot in length which is

handed to the conductor about to cross

the bridge, the possession of which stick

entitles the conductor to the right of

way. When this car reaches the other

side of the bridge the conductor passes

the stick to the conductor of the car

there waiting to cross in the opposite

direction, and the latter is now habili-

tated with the right of way. He, in

turn, when he reaches the other end of

the single track, hands the stick or

baton to the conductor of the first car

he meets coming in the opposite direc-

tion. It is an imperative rule of the

company that no car shall start over this

restricted portion of the road unless the

stick is in that car, and this ensures that

but one car at a time can be on the re-

stricted portion of track. In case of a

blockage at points remote from the

bridge this system is, of course, at a

disadvantage; but it appears to suffice

for the end in view. This use of the

stick, as the insignia of right of way on

railroads, is, however, not altogether

peculiar to the city of Montreal, inas-

much as it was in vogue years ago in a

number of instances in Great Britain,

and possibly other places on single-track

railroads.

"

:,

:»\M.-> "-•
-

.

- -y?-W8? ^
<<h



ALBERT WILLIAM SMITH

Director of Sibley College, Cornell University

A BIOGRAPHICAL SKETCH

By Walter C. Kerr

JUDGED by all of the standards that

go to make a man and an engineer,

Albert W. Smith represents the

best type that Cornell University

has graduated. He is personally well

known to a large circle of Cornell

alumni, and to others by reputation, for

his advanced views respecting modern
engineering methods with their relation

to educational processes, and for his

power of conservative and diplomatic

administration. That he should have
been called to succeed the honoured Dr.

Thurston as director of Sibley College,

at Cornell University, is, therefore, more
the result of common assent than special

selection.

The academic generations in the im-

portant departments of universities may
be considered as marked by the changes
of administration which follow from the

election of new heads. This follows

from the fact that the men who fill such
positions usually live and serve their

natural term and are succeeded only at

long intervals by others. A professor

rilling such a chair, therefore, has op-

portunity to develop his main ambitions,

during which time changed conditions

in the world bring about such new
phases of demand as to leave ample
room for his successor to start a new
train of effort. The competency with
which the higher positions in engineer-

ing institutions have been filled has

given broader and better foundation for

the work of each succeeding adminis-
trator, and thus, in the main, engineer-

ing education has prospered through
the few academic generations of its ex-

istence.

Early growth is the fastest and most

78

conspicuous, while the later develop-

ment has opportunity, under favourable

conditions, to be the more sturdy. At
Cornell University the first generation

of the College of Mechanic Arts pros-

pered under the leadership of Professor

John L. Morris, with Professor John E.

Sweet at the head of the shops which
formed a peculiarly characteristic feature

of the early development. This was
from the early seventies until about

1885, when there followed the greater

development of the College of Mechani-
cal Engineering under the guidance of

Director Robert H. Thurston. Eigh-

teen years later, in the fall of 1903, the

death of Dr. Thurston suddenly left this

department, aggregating nearly one-

third of a university of 3000 students,

without a head.

During the following winter Professor

Albert William Smith, the head of the

Department of Mechanical Engineering

of Leland Stanford Junior University,

was called to the director's chair. His

acceptance marks the beginning of an-

other generation, with whatever it may
contain of advancement. Dr. Thurs-

ton's work was, in many respects, fin-

ished. He had largely accomplished

that for which he had gone to Cornell,

namely, the building up of a department
of mechanical engineering which in size

and quality should meet the existing

needs. In size it almost outran itself,

and it has been difficult for the Univer-

sity to provide sufficient instruction and
accommodation for the students who
have pressed to enter. Here it should

be remembered that though an engi-

neering student pays only $125 tuition,

it costs the University over $300 per
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annum to educate him. In quality it

quickly took first rank, and always
stood for progress.

Professor Smith, in accepting the re-

sponsibilities of shaping the lives of one
thousand young men, undertakes the
administration of a department of de-

veloped size and quality, aided by the

general courses of a large university in

which the engineering students receive

about one-half of their instruction. To
continue the excellence imparted by Dr.

Thurston is not a sufficient motive for

the succeeding generation. Those best

posted know that the task of advancing
the quality of engineering education is

one requiring great foresight, a willing-

ness to introduce and rationalise new
methods, and perception of the ever-

changing relationships to other forms of

education. It was only after many con-
ferences with the University authorities

and some of the older alumni that Pro-

fessor Smith felt willing to undertake an
extension of educational effort from the

point at which Dr. Thurston left it.

Professor Smith is temperamentally
well qualified to direct the educational

work of a large engineering department.
He has a generous fund of human sym-
pathy, the capacity for interesting stu-

dents, and a personal dignity and char-

acter of the undefinable type which
makes him beloved of all who come in

contact with his personality. To those

who do not know him, a glance at his

portrait in this issue will be sufficient.

The motive of the new director and
the interest voiced by some of the most
experienced alumni are parallel, and
Professor Smith, therefore, takes up the

administration of this important depart-

ment with motives and methods prom-
ising to lead to a betterment of en-

gineering education which, it is believed,

will compare favourably with its develop-

ment during any previous academic
generation.

The selection is not the result of seek-

ing the man whose name would bring

additional publicity to the work. The
opportunity is internal, and, therefore,

requires specific talent of like kind with

the results to be performed. Professor

Smith's own career contains the ele-

ments of the mission he has accepted.

Born on August 30, 1856, he lived

in Westmoreland, Oneida County,
New York, until he entered Cornell

University with the class of '78. His
first position after graduation was with

the Brown & Sharpe Manufacturing
Company, at Providence, R. I. Next
he was associated with Professor John
E. Sweet at the Straight Line Engine
Works, at Syracuse, where he became
foreman of the shops, and later he was
mechanical engineer of the Kingford

Foundry & Machine Works, at Oswego.
After about seven years thus spent in

practical work, he returned to Cornell

University as a graduate student, re-

ceiving the degree of M. M. E. with the

class of '86. He next had charge of

the mechanical laboratory of Sibley

College; was then for four years assist-

ant professor of mechanical engineering,

and later laid the foundations of the

present department of machine design.

Leaving Cornell, he was, for one year,

professor of machine design at the Uni-

versity of Wisconsin, and in 1892 be-

came professor of mechanical engineer-

ing at Leland Stanford Junior Univer-

sity, which latter position he has now
relinquished to again become associated

with Cornell University.

During this period he employed his

vacations, or sabbatical years, in active

engineering work. He spent one year

with the Dickson Manufacturing Com-
pany, at Scranton. Pa., principally de-

signing large steam engines; two years

with Westinghouse, Church, Kerr &
Co. in engineering work and investiga-

tions, and a summer vacation with the

Solvay Process Co. , of Syracuse, N. Y.

It will be seen that his experience

alternated between educational and in-

dustrial occupation, and, therefore, to

an unusual degree combines the knowl-

edge and opportunities of the university

and the world.

Professor Smith is thus not the typi-

cal professor whose life has been lived

in college halls, nor yet is he the prac-

ticing engineer whose life has been lived

in the whirl of commerce and construc-

tion; but by taste and experience he is

a well balanced product of the univer-
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sity hall and the field, competent to

judge each in the light of the limitations

of the other and to carry from one into

the other that almost indefinable touch

which inspires within the university the

spirit of the outside world in which the

students must perform.

The tendencies in engineering educa-

tion have diverged from the purpose for

which it exists,—not so far as to injure

the character of such education, but

rather reducing the rate of growth of its

efficiency. To prepare young men for

a given world the preparer must under-

stand that world and be of it. He must
understand the world of to day and not

of yesterday. Thus engineering schools

require close contact with, and the in-

spiration of, the engineering world.

This can be aided in many ways, but

nothing is so effective as to have the

professor impart knowledge, stimulate

ambitions, direct methods, and in many
ways lead young men toward their goal

by his own self-knowledge of the world

for which he is training them. In the

mission of enhancing the efficiency of

engineering education at Cornell Uni-

versity, Director Smith has the sympa-
thy, backing, and co-operation of the

board of trustees, faculty, and graduates,

many of whom are large employers of

young men from such institutions, and
who have practical knowledge of what
is needed.

It is not within the scope of this

sketch to outline the ways and means
by which betterment of the educational

conditions at Cornell will be brought
about; but they lean toward greater

practicability, effectiveness, and that

high form of intellectual training which
follows from achieving knowledge for

use. Perhaps the most specific and im-

mediate feature is the method already

approved by the board of trustees and
referred to the President and to Director

Smith for administration, namely, the

providing of opportunity for the profess-

ors to alternate periodically between
the university and practical engineering,

thus bringing instruction into close

touch with actual engineering work.
This should in time tend to create a

new type of professor, a man of much
broader experience, better fitted in every

way for the instruction of youth. Those
who conduct the plan will be left entirely

free to carry it out through whatever
ways and means may be found most
practicable.

Nothing revolutionary is contemplated

at Cornell. The Department of Me-
chanical Engineering is, and has been
for years, of the highest order. It has

to an unusual degree represented a well-

filled mission, conducted on a well-

rounded plan, and it is the intention of

its managers and friends to further en-

hance its value, chiefly by internal de-

velopment, in such a way that it will

prepare young men, even better than

heretofore, for their engineering mis-

sions.

This demands additions to the fi-

nancial resources of the University.

All engineering education is ultra ex-

pensive, and if the available income for

this work could be doubled or quad-
rupled, results would be obtained in a

few years which otherwise would require

a generation. Large additional expense

is required to do justice to all of the

young men who are now ready and
competent to take up engineering

studies. With less financial opportun-

ity, less will be done, and the eventual

development will be delayed; but never-

theless this department, under the ad-

ministration of Director Smith, will con-

tinually draw closer to the spirit of the

engineering world than has been com-
mon in technical institutions. The mo-
tive will be strong to develop standards

of competency which recognise that suc-

cess depends less upon the amount of

knowledge acquired than upon ability

to use it.
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THE RAILWAYS OF NATAL

THEIR CHARACTERISTICS, TRAINS AND TRAIN SERVICE

By J. F. Gairns

THE DINING CAR EXPRESS, 5OOO FEET ABOVE SEA LEVEL. THE " TRAIN DE LUXE "

THE Colony of Natal, unlike most
of the other South African col-

onies, does not depend to any-

considerable extent upon gold and dia-

mond mining, the only benefits it re-

ceives from these sources being due to

the carriage of men and minerals be-

tween the mining centres of neighbour-

2—1 Copyright, 1903, by the

ing colonies and the port of Durban.
Instead, it owes its importance to the

development of agriculture, and, in a

lesser degree, to manufacturing indus-

tries and coal mining.

The latter, though it may be somewhat
of a revelation to many readers, is of

considerable importance, as evidenced

Gassier Magazine Co. 83
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SHOWN THUS

MAP SHOWING THE MAIN LINE AND BRANCHES OF THE NATAL COLONY RAILWAYS, 768 MILES OF WHICH ARE
OPEN TO TRAFFIC. THE MAIN LINE CONNECTS DURBAN, ON THE COAST, WITH CHARLESTOWN,

ON THE TRANSVAAL BORDER, A DISTANCE OF 306 MILES
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by the annual report of the General

Manager of Railways for 1903, which
states that during that year 22,247 tons

were supplied to Cape Colony, 7551
tons to the Transvaal, and 3378 tons to

the Orange River Colony, while the

consumption of coal for railway and
harbour purposes amounted to no less

than 206,327 tons, and other amounts
consumed in the colony bring the total

up to somewhere about 360,000 tons,

of which at least 200,000 tons are pro-

vided by the mines in the Dundee dis-

trict. Including all qualities, the total

yearly output of the mines is about

600,000 tons.

There is a very large area under cul-

tivation, and a still larger proportion of

the total area is devoted to cattle graz-

ing. The agricultural industries are

concerned with the following products,

among others :—Mealies and Kaffir corn,

sugar-cane, tea, bark, vegetables, wool,

cattle, dairy produce, hides and skins,

bananas and sub-tropical fruits, etc.

There are also many manufactories and
works devoted to woodworking, wagon-
making, bricks and tiles, tanning, con-

fectionery and preserve manufacture, ice

making, stone cutting, ship and boat

building, printing and bookbinding,

saddlery and harness making, etc. , be-

sides which there are a number of iron-

works, engineering establishments, elec-

tric light stations, numerous coal mines,

railway workshops, and the extensive

fishing industries of Durban and other

places on the coast.

It will thus be seen that Natal has

considerable importance from an indus-

trial point of view. Although its state

of development must already be reck-

oned as high-class, what has been

done can be considered only as in-

dicative of far greater possibilities in

the future.

The railway system,— it may be stated

as an axiom that the development of a

country is directly dependent upon the

extent, sufficiency and management of

its railways,— is already extensive, and

at the present time there is a total of

762 miles in operation; but it is still

possible to travel in many directions in

a straight line for more than 100 miles

from a station without encountering an-

other railway track.

Numerous surveys for new lines have
been made, and many of these projected

extensions will become actualities before

many years have passed; but while the

government is trying to adequately serve

the whole of the country by their railway

system, the natural difficulties to be
overcome are so severe in parts that the

expense of many of the new lines must
be almost prohibitive, owing to the fact

that civilised population (away from the

railways) is scattered, and many unre-

munerative years must pass before the

influx of workers to, and the develop-

ment of industries in, the new districts

can result in sufficient traffic to cause

adequate return and profit.

At the present time the railway sys-

tem of Natal already connects all places

of importance in the colony. It also

provides the best means of reaching the

principal towns of the Transvaal, and
supplies the only connection with Har-
rismith, in the Orange River Colony.

Having thus briefly dealt with the

Colony of Natal and the general aspects

of its railway system, it will be well to

more particularly consider the real sub-

ject of this article, the railways of Natal,

their characteristics, extent, traffic,

trains and train services, and other mat-

ters of interest.

The principal characteristics of Natal

railways are undoubtedly gradients and
curves. There are very few miles of

really level line, and most of these are

on branches where loads are light and
gradients are not of so much conse-

quence; the major portion of the main
lines, and also many of the branch lines,

have heavy grades, and as these are

often combined with sharp and numer-
ous curves, as the railway winds around

and amongst the hills and mountains,

it is not astonishing that speeds are low

(or would be so considered in this coun-

try), locomotives powerful, loads very

light in proportion to the engine power,

and difficulties of traffic working ex-

treme. As an instance of the climbing

which has to be done, the following may
be interesting:

—

The ruling gradient of the main line
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THE KITCHEN ON THE RESTAURANT- CAR OF THE CORRIDOR DINING EXPRESS

between Durban and Ladysmith (190
miles) is 1 in 30, the line continually

rising or falling. A train running from
Durban to Charlestown, on the Trans-
vaal border, has to ascend in the aggre-
gate the equivalent of nearly 2}^ miles

of vertical elevation, crossing altitudes

of 2000, 3000, 4000 and 5000 feet above
sea-level, which, when reached, are

often lost again and have to be recov-
ered.

For example, at Thornville Junction

(59 miles from Durban) the train is 3054
feet above the sea; 13 miles farther on
(Maritzburg) it has descended 800 feet;

in the next 12 miles the loss is more
than regained, and at Hilton Road 3700
feet are attained; 50 miles farther on,

at a station most appropriately named
" Highlands," a height of 5000 feet is

reached, only to be reduced to 3284 feet

at Ladysmith. Proceeding, the summit
of the Biggarsburg chain is crossed at

Glencoe at a height of 4400 feet, and
when the border is reached the train

will have climbed to 5400 feet. The
Harrismith branch line rises continu-

ously in Natal territory and crosses the

Drakensburg Mountains at a height of

5520 feet above the sea.

Owing to these gradients, many "of

which are at 1 in 50, 1 in 40, and'jn
places 1 in 30, the engine loads have at

intervals to be reduced and readjusted,

all of which operations add to the diffi-

culties of conducting traffic, involving

shunting, breaking-up and remaking of

trains, and consequent loss of time, when
even the most powerful locomotives have

to be restricted to goods train weights

of 200 tons or even less, at slow speed,

whereas the same engines, if working
under British conditions, for example,

would be able to deal with 800-ton trains

at fair speeds. It will be understood

that, in many cases, it is only by the
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best of management that the trains can
be made to pay at all. These local re-

strictions also add to the difficulties of

traffic working, owing to the fact that

four or five trains have to be run where,

were the line reasonably level, one would
suffice; and thus the line, all of which
is^single, except for six miles near Dur-
ban, is probably one of the busiest

single-track lines in the world.

With so large a traffic the " cross-

ing" stations, where trains of opposite

account of trains being kept waiting.

As a consequence of these conditions

of traffic working, although there are

several trains which are called " ex-

presses " (and are so in the sense that

they are not cumbered with a lot of in-

termediate station-to-station traffic, and
they are somewhat faster than the slow

trains), the fast trains have many other

stops besides those which appear in the

public time tables. When these facts

are borne in mind, such time allowances

DRUMMOND STATION, SHOWING TYPICAL ARRANGEMENT OF SIDINGS TO ALLOW TRAINS TO PASS ONE
ANOTHER

direction can pass one another and faster

trains can pass and overtake a slower
train in the same direction, have to be
numerous, and it is nothing unusual to

find "crossing" operations taking place

at almost every station.

All the
'

' crossings
'

' are arranged for

in the '

' working time tables
'

'
; but if

trains are running late or out of order,

which with traffic of this kind must in-

evitably occur several times a day, or

special or duplicate trains are being run,

the
'

' crossings
'

' have to be rearranged
by telegraph by the station masters con-

cerned in such way as will best expedite

matters and prevent undue delay on

as 229 minutes for 70^ miles, which is

the booking of the " weekly corridor

dining express " (to be described later)

between Durban and Pietermaritzburg,

without any intermediate publicly

booked stops, appear quite presentable.

There are numerous other stations at

which, if specials are running or trains

are running late, other trains may have
to be passed or crossed either instead

of, or in addition to, those mentioned.
The above represents only the first

stage of the journey, but similar arrange-

ments obtain over the whole of the

main line, and considering only booked
trains in the 306 miles from Durban to
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Charlestown, no less than seventy-three

other trains have to be " crossed
'

' or

overtaken and passed, while in practice

there may be also several other trains

in addition.

The arrangement employed at the

crossing stations is worthy of notice be-

fore leaving this subject. A typical

crossing station of an up-to-date type is

shown on page 88, the particular exam-

ple being Drummond station, 36 miles

from Durban. This station is situated on
a 1 in 40 grade, but level at the centre

of the station, where a scissors crossing is

located, providing direct access from the

"through" line to sidings extending

both ways for trains travelling in either

direction, or the trains can '

' back,
'

' as

may be most convenient. The sidings

are " dead-end," and are " banked
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up" or " in cutting" when necessary

to obtain a level track. In the illustra-

tion the severely curved and slightly

rising track to the left is the main line,

while the siding at the further end of

the station can be seen on the embank-
ment; that at the near end is corre-

spondingly depressed.

At Cedara station, where a train pro-

ceeding towards Ladysmith is on a

heavy falling grade, one of the sidings

is built up to 35 feet above the main
line. Another station, Alverstone, is

situated at the summit of grades of i in

30 and 1 in 35, so that both sidings

have to be built up to a considerable

height.

At several places, too, what are

known as
'

' reversing
'

' stations are em-
ployed to minimise the track gradients

in mounting severe slopes. The line is

carried in a suitable direction (it may
be quite opposite to the direction re-

quired) on a gradient as steep as can be
allowed and is necessary, to a dead end.

The engine then runs round its train

and proceeds back on to another line,

which rises still further, so that the

necessary height, which would be pro-

hibitive if made in one stage, is attained

in two stages. Such methods are em-
ployed in the mountain districts of

India, but otherwise the Natal railways

are almost unique in this respect.

In some instances double " revers-

ing" stations are used, so that the

climb is effected in three stages, but at

the expense of engine shunting and loss

of time. In Natal several of the revers-

ing stations are situated on the main line

as well as on important branches. On
the Harrismith line there is a series of

no less than three reversing stations

separated by about half a mile each, so

that trains are booked, when climbing,

to occupy from 42 to 55 minutes between
Brakwal and Van Reenan stations (8
miles), and when running down are

allowed from 25 to 30 minutes.

From the foregoing probably as cor-

rect an impression will be gained as it

is possible to obtain without personal

knowledge of the characteristics and
difficulties of traffic working on the

Natal railways.

The several lines, which are worked
as a government department, are of 3
feet 6 inches gauge (the standard for

South Africa), and 768 miles are now
open for traffic. All of this is single

track, except for 6 miles in the neigh-

bourhood of Durban, with crossing

places to enable trains to pass one an-

other at most of the stations and at

some intermediate places.

The main line of the Natal railways

extends from the port of Natal (Dur-
ban) to Pietermaritzburg (the capital of

the colony 70^ miles inland), and
thence to Charlestown (306 miles from

Durban), on the borders of the Trans-

vaal, where it connects with the Central

South African railways. The mail and
corridor trains from Durban proceed

through to Johannesburg, with connec-

tions for Pretoria, and with Transvaal

trains to various parts of South Africa.

From Ladysmith there is an important

branch line (59^ miles) to Harrismith,

Orange River Colony, and the other

up-country branches are,—Pietermaritz-

burg to Greytown (64^ miles); Glen-

coe Junction to Dundee and Vryheid,

in Zululand (59^ miles); and the Rich-

mond branch (17 miles).

From Durban there are three

branches, all of importance and two of

considerable length. Northwards, there

is the North Coast line, which extends

for 169^ miles to Somkele (Zululand),

following the coast, for the most part,

but generally a few miles inland. South-

wards, the South Coast line branches

from the main line a few stations out

from Durban and proceeds to North
Shepstone (72^ miles), with a short

branch from Alexandra Junction to

Umzinto ; while the '

' Bluff
'

' line

branches from the South Coast line at

Clairmont and completes a circuit of the

Bay of Natal, its terminus, " West's,"

being right opposite to, and within a

short distance of, the Point, as the dock
district of Durban is termed.

There is also a line, two miles in

length, connecting the town of Durban
with the docks at the Point. This line,

it may be mentioned, was the first rail-

way to be built in the whole of the

African Continent (in i860), and it is
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on record that when, as frequently hap-
pened, both of the two small locomo-
tives which constituted the total loco-

motive stock were '

' in hospital
'

' at the

same time, the trains had to be pushed
along by natives; and that the financial

state of affairs was so unpromising that

it was not unusual for the wages of the

staff to be paid wholly, or in part, by
means of orders for groceries, etc. , on
indebted tradesmen, or else the em-
ployees had to await the return of the

manager from a debt- collecting expedi-

tion.

At Durban, or rather at the Point,

are situated very complete and exten-

sive docks fitted with up-to-date appli-

ances, and it is here that practically all

connection with other parts of the world
is effected. A few notes concerning the

Point and its work will fittingly precede

more detailed notes concerning _ the

various lines of the Natal railways.

The harbour at Natal provides 2856
lineal feet of quay accommodation, with

a water depth of 23 feet alongside at low
water, and a further 1000 feet is now
under construction. There are also

2300 feet of timber wharfage (14 to 20

feet at low water), while on the oppo-
site (" Bluff") side there are 1050 feet,

with a low water depth of 25 feet.

There are extensive railway sidings

in all directions, and for loading and
unloading purposes the following hy-

draulic cranes are provided:— 1 fifty-ton

fixed crane; 1 thirty-cwt. fixed crane;

15 thirty-cwt. shed cranes; 4 thirty-cwt.

travelling cranes; 16 three- ton travelling

cranes; and 1 ten-ton travelling crane.

There are also steam shears of 20 tons

capacity.

The area of the wharf sheds is about

24,000 square yards, and this is being

added to. The docks are well equipped
in other respects, with which we cannot
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now deal. Several interesting photo-

graphs of dock scenes are reproduced

in illustrations accompanying this article.

In the town of Durban all local trans-

port requirements are well provided for

by electric tramcars, though extensive

use is made, especially by visitors, of

the jinricksha, so that the railway is of

no importance for purely urban traffic,

though there are several stations within

the residential limits.

The central station, which, unlike

many other central stations, is very cor-

rectly described, is conveniently situated

just off West Street, the principal busi-

ness thoroughfare of Durban. It has

two double-sided platforms, each 350
feet in length and 25 feet in width, with

a central carriage road, and is provided
with an arched roof having a clear span
of 105 feet, 210 feet in length, and with

a centre height of 56 feet. The station

fittings are very complete. The rail-

way offices are arranged in the station

buildings, and help to form a very im-

posing edifice as viewed from the street.

The railway works are situated oppo-
site the goods depot, a short distance

from the passenger station, and are con-

cerned not only with locomotives and
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rolling stock, but also with the up-keep
of electrical apparatus, electric light and
power being very extensively employed
all over the railway, nearly all the prin-

cipal yards, stations, offices, shops, and
trains being electrically lighted, while

electric cranes are fitted in the works,

and electric motor-driven machines are

also being installed.

The works maintain the largest num-
ber of skilled employees in Natal. They
are sufficiently equipped and extensive

to be able to deal with the repair and
rebuilding of all locomotives and rolling

stock, besides constructing a consider-

able proportion of new engines and
vehicles. The works staff comprises

about 1800 Europeans, and about 1300
Indians and Kaffirs. About 700 Euro-
peans are employed in running the loco-

motives. The total engineering and
maintenance staff numbers about 500
Europeans and 2000 natives. The en-

gineering department has its headquart-

ers at Pietermaritzburg.

A short distance from the central sta-

tion the North Coast line branches off;

but all other trains use the main line

past the three stations, Berea, Congella

and Umbilo, for 4^ miles to South
Coast Junction, where the South Coast
and Bluff trains diverge. The outer

suburban districts of Durban may be
said to terminate there. The train serv-

ice is not excessive, as we should con-

sider it, there being only about a dozen
trains a day which serve these suburban
stations, and some of these are
'

' mixed '

' trains, or goods trains, by
which passengers are allowed to travel;

but, as has already been stated, the elec-

tric trams serve for practically all
'

' about
town" traffic, and the town stations

are principally stopped at, to pick up
for or set down from, the country sta-

tions, and many of the trains do not

serve these local stations at all, but run

fast to beyond South Coast Junction or

stop there to transfer junction passen-

gers.

The extreme limit for only one train,

to which short- distance main line trains

proceed, is Botha's Hill (31^ miles),

but several terminate at Pinetown, the

total train service for stations between

South Coast Junction and Pinetown
comprising eight trains daily, and three

on Saturdays only to Bellair (7^
miles).

For beyond Pinetown, with the ex-

ception of the train which terminates at

Botha's Hill, the trains are as follows:

—

2.10 A. M.—Mixed train to Lady-
smith.

9. 10 A. M.—Morning mail corridor

train to Pretoria (semi-fast).

12.25 P- M.—Mixed train to Pieter-

maritzburg.

4 P. M.—Fast corridor train to Pre-

toria, with connections to Cape Town,
etc.

6 P. M.—Corridor train to Pretoria

and Johannesburg.
There is also the weekly corridor din-

ing car express (the
'

' train de luxe
'

'

of the railway, of which more auon)
which leaves Durban on Wednesdays
at 8.05 P. M. In the reverse direction

the trains, of course, correspond.

The 70^ miles from Durban to

Pietermaritzburg present many features

of natural and engineering interest which

cannot be passed over without brief

mention. Immediately after passing

South Coast Junction, which place

marks the termination of the double-

track section of the railway, the line

enters on a stretch with a ruling grad-

ient of 1 in 30 for trains from Durban

;

this is known as " Jacob's Ladder."

The views obtained from the train at

this place are very fine, including, as

they do, bush and fruit-clad hills, the

Bay of Durban, and the " Bluff"; but

the line winds about in an extraordinary

fashion, and the curves, combined with

the gradients, make the task of an en-

gine driver with a heavy train anything

but an easy one.

The rise extends almost continuously

as far as Botha's Hill (31 ?4 miles), past

Pinetown, where the waterworks for

Durban's water supply are situated, part

of the climb being negotiated amidst

the wildest of mountain scenery. In

the neighbourhood of Botha's Hill the

line is situated in several places on plat-

forms cut from the hillside and winding

in all directions to minimise the severity

of the ascent. After a short descent
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and a tunnel 180 feet long, which pre-

sented considerable engineering diffi-

culties in its construction, the rocky-

country is left behind for the time and
pasturage is entered upon.

At Cato Ridge (44^ miles) extensive

storage sidings are provided, extending

rather curiously, though no doubt con-

veniently, in all directions. At Thorn-
ville Junction (59% miles) the Rich-

mond branch makes connection with the

main line. A few miles on a falling

gradient, and Pietermaritzburg, the cap-

ital, is reached, the station at this place

being the second largest in the colony.

The Richmond branch trains, two
'

' mixed '

' daily in each direction, pro-

ceed through to Pietermaritzburg, and
use a long bay at that station. At
Pietermaritzburg the Greytown branch
leaves the main line.

Continuing, immediately the capital

is left, climbing on severe grades recom-
mences for main line trains, 1 in 30 be-

ing again the ruling gradient, the line

winding through cutting after cutting

amid beautiful scenery. At Hilton road
the line eases somewhat, though 1 in 30
grades are still met with, until at High-
lands (5000 feet above sea-level,— 130
miles) a summit is reached which marks
the end of the continuous climbing for

many miles for trains from Durban, the

hard work being transferred to trains

proceeding in the opposite direction.

The district following is that associated

with the late war, and there are many
matters of general interest which cannot
be dealt with here.

At Estcourt is a fine five-span bridge

over the river, which, together with the

bridge over the Klip River at Lady-
smith, were the only structures of con-

sequence within 158 miles of the border
which escaped demolition by the Boers.

Frere, Chieveley and Colenso are in-

cluded in the succeeding stations. Be-

yond Colenso is the splendid new girder

bridge over the Tugela River, which
replaced the bridge whose destruction

formed such an important event of the

late Boer War.
The task of erecting a temporary

trestle bridge at this point was a difficult

one, owing to the great swiftness of the

current and the unevenness of the river

bed. The present bridge is a fine

structure of five spans supported on
four massive piers.

A few miles further on Ladysmith is

reached, 190 miles from Durban. From
here extends the branch over the border
of the Orange River Colony to Harri-

smith. At Ladysmith the station

premises, sidings, elc. , are very exten-

sive. From Ladysmith the greater

portion of the remaining length of main
line is on easier grades than have been
previously experienced, 1 in 50 being

about the maximum.
At Elandslaagte the coal country

commences, and scenes such as we are

familiar with, comprising the headgear
of a mine, are presented at intervals,

while coal trains are common, and here

and there occur sidings connecting the

various collieries with the railway.

The Dundee branch, which is also

important for coal traffic, leaves the

main line at Glencoe Junction, which
station is one of the busiest traffic points

in the system, as the bulk of the col-

ony's export and private consumption

coal,—some 360,000 tons and 240,000

tons, respectively,—passes through it.

At Ingogo, a few miles past New-
castle, a long upward grade, extending

the rest of the way to Charlestown, on

the Transvaal border, commences. In

one place there is a double set of revers-

ing stations, by which the line zigzags

over the Ingogo Heights. These are

followed by a magnificent horse-shoe

curve, including three important

bridges.

Until 1895 Charlestown (306^ miles

from Durban) was the terminus of the

railway, but it is now connected with

Johannesburg and Pretoria and with the

rest of the Central South African sys-

tem, and through connections are pos-

sible with the Cape Colony lines.

The Dundee-Vryheid branch (59^
miles) was completed into Zululand in

1903, and while the first portion is im-

portant for coal traffic, the extension

now affords access to a gold mining dis-

trict. The Harrismith branch for Lady-

smith,—the Orange River Colony line,

—has a very limited train service, one
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passenger '

' mixed '

' train daily each

way, and a few goods trains; but it is

already an important line, and will be

more so, providing, as it does, the only

railway connection at present with Har-
rismith. The line is a very severe one,

and includes the triple reversing stations

referred to earlier in this article. The
Richmond and Greytown branches,

though the traffic is comparatively

small, are important feeders to the main
line, and open up extensive tracts of the

colony previously unprovided with rail-

way facilities.

The North Coast line now extends

from Durban to Somkele (Zululand)

for 169^ miles. Only one train daily

(mixed) proceeds right through; but as

far as Verulam (19^ miles), the train

service is good, and a few trains pro-

ceed still further.

The South Coast line runs from South
Coast Junction to North Shepstone

(72^ miles) with a branch line to

Umzinto from Alexandra Junction.

Only one train daily proceeds through
to North Shepstone, but three which
convey passengers go to Umzinto. It

is interesting to note, too, that it is the

Durban and Umzinto engines which
deal with the trains to and from Dur-
ban, while branch engines convey the

through trains between Alexandra Junc-
tion and North Shepstone.

The Bluff line extends round the bay,

leaving the South Coast line at Clair-

mont. The train service is limited,

though there are a number of goods
trains, as the shortest way from Durban
to the favourite resort on the Bluff,

known as West's, is b)>- boat across the

bay.

The rolling stock employed on the

Natal railways is exceptionally good,

and notwithstanding that the gauge is

less than the British standard, the carry-

ing capacity, both for passengers and
goods, is little less than would be
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the case were the wider gauge in i.-

use. With few exceptions, and those gons.

mostly old vehicles used on branch 2.

—

lines, rolling stock of all kinds is centre

mounted on four-wheeled bogies. The '

' well

first and second-class carriages are as 3.

—

good as any in Great Britain, but the 4. —
third class is used only by coloured peo- 5.

—

pie. The vacuum brake is universally gons.

employed for all stock, and central For
buffers are fitted. Most passenger tween

-Open mineral and goods wag-

-Flat trucks, some having the
part depressed, and known as
" waggons.
Box and closed waggons.
Cattle waggons. ™
Combined goods and cattle wag-

the principal through trains be-

Durban and Johannesburg" cor-

THE DINING SALOON ON THE RESTAURANT CAR OF THE CORRIDOR EXPRESS

coaches have clerestory roofs, and the

windows are made to open, as well as

the door windows, a boon for the trav-

eller during the hot summer.
The ordinary bogie passenger vehicles

are very similar in style to those used
in Great Britain. The six-wheeled

vehicles are of older design. Many of

the cattle waggons are adapted so that

they can be easily converted for use as

third-class carriages for native travel.

For goods traffic most vehicles are

mounted on two four-wheeled bogies,

and the principal types in use are:

—

ridor " trains have been recently intro-

duced, and these trains must be reck-

oned as among the finest and best

equipped in the world. On page 94 is

shown one of the corridor expresses near

Durban. More especially is this correct

of the special weekly express which
leaves Durban on Wednesdays at 8.05

P. M. and arrives at Johannesburg at

8.22 P. M. the next day, and the cor-

responding and slightly faster train from

Johannesburg at 6.50 P. M. on Fridays.

"At many of the more important sta-

tions modern refreshment rooms are
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provided, and the mail trains are timed
so that passengers can make use of

them. The weekly corridor express,

however, is provided with dining and
sleeping car accommodations, and as

this train is the " train de luxe " of the

colony, further description with ref-

erence to the photographs reproduced
in these pages will be of interest.

In the equipment of the corridor

trains will be observed the close atten-

tion given to detail and the luxurious

accommodation provided for the trav-

eller. Owing to the nature of the road
which has to be traversed between Dur-
ban and Johannesburg, the train is lim-

ited to five coaches,—three dining and
sleeping, one restaurant, and one lug-

gage car. The dining and sleeping cars

are 60 feet 6 inches long and 8 feet 9
inches wide; the body of the coaches is

constructed throughout of teak, the

panelling being of steel. There is a

platform at each end, shaded by the

roof and also by a spring canopy ar-

ranged in such a way as to form a con-

tinual shelter, no matter on what degree
of curve the coaches may stand.

The interior of the dining and sleep-

ing cars is finished in walnut and satin-

wood panels, all mouldings and rail fac-

ings being curved. The metal fittings

throughout are silver-plated and of the

highest possible finish. The back cush-

ions in the compartments form the upper
berths for sleeping purposes. The
clerestory roof is supplied with orna-

mental deck lights worked by silver-

plated handles, and a silver-plated rack

for light articles is fixed above each seat

;

hooks and trays are also provided.

Electric bells are fitted through the en-

tire train. The seats throughout are

upholstered in green buffalo hide and
lace and trimmings to match.

The restaurant car is of the same di-

mensions as the dining and sleeping

cars, and contains a dining saloon to

seat eighteen passengers, kitchen, buf-

fet, attendant's office, lavatory, and
bathroom. The dining saloon is fitted

in every way to match the other cars,

in walnut and satinwood, the upholstery

being in green buffalo hide, and photo-

graphs of Natal scenery are fixed above

the end seats against the partitions.

The kitchen car is a commodious
compartment, and is provided with a

large kitchen range, sink, coal bin, plate

racks, water connections, etc. The
buffet is situated next to the kitchen,

and is arranged with locker-couch, serv-

ing table, safe, writing accommodation,
wine cupboards, glass racks, etc. The
bathroom is arranged at one end of the

coach, and is furnished with a shower
bath.

The luggage car is of the same out-

side dimensions as the coaches, half be-

ing set aside for luggage space and ac-

commodation for the conductors, includ-

ing a lavatory. The remaining portion

of the car contains accommodation for

the train attendants and waiters, and is

fitted with fixed bunks.

The entire train is lighted on Stone's
" double battery" system, current be-

ing supplied also for electric fans and
bells in all compartments. The electric

fittings are silver-plated throughout as

regards electroliers, switches, etc. The
under frames are of steel. The wheels

are 3 feet 3 inches in diameter, the jour-

nals being 10 inches by 5 inches in di-

ameter. The gross tare of the corridor

train is 186 tons.

No. 1 corridor train was constructed

by Messrs. Cravens, Ltd., Sheffield,

and No. 2 by Messrs. Marshall & Co.,

Birmingham, sent out to Natal in parts,

and fitted up in the locomotive work-

shops of the department at Durban.

The catering on the dining cars on
these trains is conducted in the best

style, while the charges are moderate.

Light refreshments are also provided,

and families travelling with children

may, if they prefer, dine in their own
compartments, each compartment being

supplied with a portable table. A
library, consisting of over 100 volumes,

which are frequently renewed or re-

placed, is also provided.

The standard locomotives at present

are heavy, ten-coupled, tank engines de-

signed by Mr. C. W. Reid, the late

locomotive superintendent, and which
are usually referred to as the '

' Reid
'

'

engines. A " Reid" engine is shown
at the head of a train on page 94.
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The first and fifth pairs of coupled

wheels are not provided with flanges,

and the engines are consequently well

adapted for rounding the sharp and fre-

quent curves. About ioo of these en-

gines are now in use in Natal, and
the bulk of the traffic is worked by
them.
The principal older engines are known

as " Dubs " engines (after the build-

ers), and have eight wheels coupled.

Besides these there are a few old, six-

coupled, tank engines, which are used

on the lighter branches.

Some new engines, with tenders,

which have been designed by the pres-

ent locomotive superintendent, Mr. G.

A. Hendric, will shortly be delivered,

fifty being on order at the North British

Locomotive Company's works. These
will, to some extent, supersede the Reid

engines, as the ten-coupled engines are

somewhat deficient in speed capabilities,

and, being tank engines, the necessity

for taking water occurs more frequently

than is conducive to express work. For
use on the Durban-Ladysmith section

the new engines wall have eight-coupled

wheels, while on the easier sections be-

yond six-coupled engines will be em-

ployed. In both cases the engines are

of massive and powerful designs and
weigh more than ioo tons (with tender)
in working order.

The more important stations are well-

built and conveniently equipped struc-

tures; but the roadside stations, many
of them little more than stopping places,

often consist of a banked-up platform

and a galvanised iron shelter.

According to the general manager's
annual report for 1903, the record for

punctual working of the mail, passenger
and mixed trains on the Natal railways

is, considering the difficulties of traffic

working, a good one
;

for out of a total

of 26,918 trains, 23,457 (87.14 per
cent.) of them kept right time or within

five minutes, while only 999 (3.71 per
cent.) were more than twenty minutes
late.

There are many other aspects of the

railways of Natal which could be con-

sidered here, but space will not permit.

The writer is indebted to Sir David
Hunter, the general manager of railways

in Natal, for the supply of the very com-
plete and exhaustive information which
has formed the basis of this article,

though not a tithe has been used, and
for the photographs with which the

article has been illustrated.



THE PRINCIPLES OF EXCHANGE TELEPHONY

By Herbert Laws Webb

TELEPHONE service is a very

general term. A study of the

details which go to make up
what is generally known as telephone

service is seldom pursued by those who
look at the subject merely from a gen-

eral point of view. Much confusion has

been created in the consideration of tele-

phony by the early adoption of a wrong
unit. The telephone subscriber, or the

telephone instrument, has generally

been considered to be the unit of the

telephone business, and this fallacy not

only exists in the mind of the man in

the street, but unfortunately it has also

often been adopted by those who con-

struct and manage telephone systems.

The object of a telephone system is to

make telephone connections, and the

telephone connection, or message, is the

real unit of the business, not the tele-

phone subscriber.

Let us consider first the effect of the

fallacious unit on the science of tele-

phony. The adoption of the telephone

subscriber as the unit, leads to the desire

for an expert telephone subscriber at

every telephone instrument, and, since

the wish is the father to the thought,

many telephone systems are planned as

if an expert subscriber could be counted
upon to be always present at every tele-

phone instrument. This leads to a re-

liance upon the subscriber to perform a

certain series of actions every time he
uses the telephone, in order that the

plant may be properly worked. This
reliance is not justified by the practical

conditions of the telephone service, for

the reason that an expert user is by no
means present at every telephone every
time it is used.

There are many reasons which make
such an ideal impossible in actual prac-

tice. The telephone population of any
city is constantly changing. Old sub-

scribers are constantly giving up the

service for one reason or another and
new subscribers are constantly coming
on. In very many cases, probably in

the majority of cases, any given tele-

phone is available to a number of differ-

ent people, and is used daily by a num-
ber of different people. Under these

conditions, which are most obviously

true, it is quite unpractical to count for

the correct working of a telephone sys-

tem upon the presence of two expert

users,—for two users are concerned in

a telephone connection,—for every tele-

phone message.

The proper unit of the local telephone

service is the message, and if the opera-

tion of a telephone system is studied

with the object of determining the best

means of handling the message, or in-

dividual telephone connection, a very
different point of view is obtained from
which to study both the general work-
ing of the service and the engineering

design of the system.

A popular description of a telephone

exchange system would be that it is a

plant for the manufacture of telephone

connections, and clearly the aim must
be to manufacture accurate, complete
and perfect telephone connections as-

rapidly and as economically as possible.

Every manufacturer bends his efforts

towards organising skilled labour and
acquiring the labour-saving machinery
best adapted to his purposes. He does

not make the mistake of relying upon
a general mass of unskilled and unor-

ganised labour for important steps in the

completion of his product. The tele-

phone system which relies upon the

subscriber or user to perform important

steps in the operation of the plant makes
just the mistake which no intelligent

manufacturer would dream of making.
In order to study the operation of a
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telephone system from the correct point

of view, regarding the message as the

unit of the work, we must consider the

work which a telephone plant is called

upon 1o do and the manner in which it

does that work. The work primarily is

the making and unmaking of temporary
connections between numerous individ-

ual lines. The operations attendant on
the making and unmaking of these con-

nections involve other important points.

Each line must possess a means of

signalling the exchange at the beginning
and at the end of each connection, and
the exchange must possess means for

signalling the stations at the ends of the

lines. It is important that the signals

be easily, rapidly and accurately oper-

ated. It is on the machinery for work-
ing these signals, for rendering them
accurate and automatic, and for giving

them a distinct and unmistakable mean-
ing that inventive effort in telephone

engineering has chiefly been exercised.

One most important point about a

telephone connection is that it must be
unmade as rapidly as possible after the

conversation is ended. When two tele-

phone lines are connected together each
of them is "engaged" (in America,
'

' busy "
) to all other calls which may

be made for those two particular lines.

Not only does this
'

' engaged '

' condi-

tion apply to the two individual sub-

scribers' lines, but it also applies, in a

large proportion of connections in a city

telephone system, to a junction line (in

America, a local trunk) between two
exchanges, as in city telephone systems
the large majority of calls pass through
two exchanges and require the use of a

junction line.

Therefore, it is clear that both for the

interests of the users of the service and
for the economy of use of the plant,

every connection should be unmade im-

mediately after the conversation is ended
and the useful purpose of the connection

has been served. To effect this prompt
disconnection after the end of the con-

versation, it is essential that both instru-

ments concerned in the connection shall

give at the exchange an unmistakable
signal that conversation has been con-

cluded.

In the early days of telephone ex-
change working, the signals used at the

exchange were electro-magnetic annun-
ciators, in which the passage of a cur-

rent caused the signal to be displayed

by the dropping of a shutter. These
signals required to be replaced by hand
by the operators every time they were
used. A separate signal from that

which served to notify an original call

was used to notify the desire of the tele-

phone user for disconnection.

This disconnection signal, commonly
called the '

' ring-off
'

' indicator, only

came into the circut when two lines were
temporarily connected at the exchange.

It had to be operated by the subscriber

pressing the button on his instrument or

turning the crank of the hand generator.

The operation of the disconnection sig-

nal, therefore, required that the sub-

scriber should remember to press the

button or to turn the handle.

This method of operating the discon-

nection signal, which is one of the most
important signals in telephone exchange
working, is an effective illustration of

the reliance upon an expert user for

every connection. Unless the user re-

membered to press the button or turn

the handle, the disconnection signal

would not be given and the exchange
operator would be left in doubt as to

whether the connection was still usefully

employed or not. Time and testing

would eventually inform the operator of

the true state of affairs, but meanwhile
many connections would be maintained

uselessly for longer or shorter periods,

owing to the failure of the telephone

user to operate the disconnection signal.

To realise the disadvantage of relying

upon the user invariably to give a sig-

nal, of the greatest importance in the

working of a telephone system, one

must consider the number of daily oper-

ations and the possible frequency of the

failure to give the signal, together with

the effects of such a failure. To take

an example, we will consider a system

of 10,000 telephones, with a daily traffic

of 100,000 calls.

If 25 per cent, of the daily users omit

to give the disconnection signal, there

will be 25,000 conned ions daily which
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will be maintained for a longer period

than they should be maintained. The
period will vary from a few seconds to

many minutes, according to the volume
of traffic and according to the zeal and
expertness of the operators and of the

supervision ; but whether the period be
long or short the principle remains the

same.

Twenty-five thousand times a day two
individual lines, and in many cases also

a junction line, will be occupied for a

certain period when they should not be
occupied. This results in many calls

being blocked by an unnecessary " en-

gaged " report, and in wasteful use of

the junction lines and of the plant gen-

erally. The aggregate loss of time and
wasteful use of plant in a year's working
would be very great.

It is quite clear, from this simple ex-

ample, that when we come to study the

telephone service by the working of the

individual connection, we are impelled,

both for the sake of the efficiency of the

service and for the sake of the economi-
cal use of the plant, to reduce the time

occupied by each individual connection

to its lowest possible limit.

There is a certain portion of the time
occupied by each connection over which
we have some control and a certain por-

tion over which we have none. The
portion over which we have no control

is that occupied by the conversation.

That the users of the service determine
for themselves. It varies in different

places, in accordance with the char-

acteristics of the place and of the peo-
ple, and it varies to a certain extent with

the general development of the service

and with its efficiency.

If the service is widely developed and
highly efficient, so that the inhabitants

tend to use the telephone much and
often, the time occupied by the average
conversation tends to increase some-
what, as people employ the telephone
for a greater range of uses. Beyond
this the time of conversation is a point

over which telephone engineers and
managers have no control.

Over the time spent in operating the
connection, however, the telephone en-

gineer has very large control, and for

all reasons he must bend his efforts to

make this time as small a proportion as

possible of the total time occupied by
the connection. The connection must
be established as quickly as possible,

and, when done with by the users of the

lines, must be disestablished instantane-

ously. This involves relying upon ex-

pert labour and automatic apparatus for

the operation of the connection.

If the fallacy of regarding the sub-

scriber as the unit of the telephone busi-

ness is indulged in and reliance is placed

upon the user to operate the system,

measures are adopted which are a direct

contravention of the principle just laid

down. For example, it has already

been shown that in the earlier methods
of operating the telephone service the

subscriber worked the signals by press-

ing buttons or turning handles.

In some cases advantage has been

taken of the fact that the subscriber has

a handle to turn, to make him turn it

not only to call the exchange, but also

to call his correspondent when the ex-

change has connected him. This

manoeuvere clearly involves a waste of

time on every connection so handled.

The operator at the exchange is pro-

vided with appliances which enable her

to ring the called subscriber by merely
pressing a button, and she does this in

the train of operations involved in com-
pleting a connection without the loss of

a second. If the operator has to inform

the calling subscriber that he is con-

nected and then the calling subscriber

has to replace his telephone on the hook
and ring his correspondent, there must
clearly be a waste of several seconds, as

compared with the time occupied by
the operator in pressing the ringing-key

immediately after she has inserted the

connecting plug. This waste of time

applies not only to the telephone user

concerned, but also to the telephone

plant.

In a city telephone system, as has

already been mentioned, a junction line

is concerned in the majority of connec-

tions besides the two individual lines.

A waste of time of several seconds on
each individual call gives an aggregate

waste of time every day, with a traffic
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of, say, 100,000 daily calls, of consider-
able importance. The money value of

such a waste of time on a year's work-
ing would be no negligible figure. To
put the waste of time arising from this

method of working the telephone serv-

ice (which, although it has its advocates,
is not very generally employed nowa-
days) at only a few seconds is really a
conservative estimate.

As a matter of fact, telephone users

who are obliged by the method of work-
ing to ring each other up, get so much
into the habit of ringing that many of

them answer a ring by a ring. This
evil example spreads, because any tele-

phone user would rather receive a ring

on the bell than in the receiver at his

ear. Consequently when a subscriber

has correspondents who habitually ring

back in answer to his ring, he gets in

the habit of leaving the telephone on
the hook until he gets the answering
ring.

This forces those who have not al-

ready acquired the habit of ringing back
to acquire it, because, if they get no
answer when they lift the telephone,

they naturally ring to get attention from
someone. In this way there results a

general ringing to and fro before the

caller and the called start talking, and
the aggregate waste of time on a day's
working becomes enormous. So do
the effects of a fundamental error be-

come cumulative.

Turning now to the manner in which
the evolution of the modern telephone
system has proceeded, we find that the

efforts of inventors have chiefly been di-

rected to the production of devices

which cut down the time of operating
the average connection and which pro-

vide signals of definite meaning. The
earlier improvements were aimed at re-

ducing the amount of time and labour
involved in operating the connection at

the exchange. The indicator shutters

were made self-restoring, that is, were
automatically restored by the insertion

or withdrawal of the plug, thus eliminat-

ing two steps from the work of the oper-
ator on each connection.

A radical improvement was made by
the introduction of lamp signals as a

substitute for electro-magnetic indi-

cators. The lamp signals have many
advantages. They are automatic in ac-

tion, as they light when current is ap-

plied and go out when it is cut off.

They occupy much less space than indi-

cators, so that they can be placed im-
mediately adjacent to the parts of the

switchboard which they control. They
give a much more assertive and distinct

signal than indicators. They are noise-

less, and by the use of coloured glass

caps over the lamp sockets or by special

marks on the glass caps, an almost un-

limited variety of signals can be obtained

without changing the form or nature of

the device.

A further important step was made in

the evolution of the modern telephone

signal when the lamp signal was caused

to be automatically controlled by the

movement of the switch-hook on the

telephone instrument.

Another step of prime importance

was the adoption of a separate lamp
signal associated with each of the two.

connecting cords by which two lines are

connected at the exchange, the opera-

tion of each of these signals being con-

trolled by the telephone at the end of

the line to which the corresponding cord
is connected.

These two connecting cord signals,

automatically operated by the switch-

hooks of the two telephones, solve the

difficulty once and for all of obtaining a

definite disconnection signal, without

requiring the telephone user to perform

any special act other than the replace-

ment of the telephone on the switch-

hook after he has finished his conversa-

tion.

The method of telephone signalling

just described is a part of the central

battery system of telephone working,

which in recent years has become the

standard method of operating telephone

exchanges. The supply of all power
for working the system from a central

power plant is a method which possesses

many advantages. Local batteries,

hand generators and push buttons dis-

appear from the subscribers' instru-

ments. The telephone instrument is

thus simplified in its parts and is ren-
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dered easier to maintain in working
order.

The modern telephone instrument

consists only of the transmitter and re-

ceiver and the bell by which signals are

received from the exchange. The sig-

nals to the exchange are transmitted by
the movements of the switch-hook when
the telephone is lifted and replaced.

The necessary act of lifting the telephone
for use automatically signals the ex-

change for connection, and the obvious
act of replacing the telephone on the

hook automatically signals the exchange
for disconnection. The subscriber has

nothing to do and nothing to remember
but to take the telephone up when he
wants to use it and to put it back when
he has finished.

In the working at the exchange, the

central battery lamp signal system has

materially reduced and simplified the

work of operating the average connec-
tion. When a call is made a lamp sig-

nal glows and remains glowing, together

with a larger " pilot " lamp used for

supervisory purposes, until the operator

inserts the plug to answer the call. The
insertion of the plug causes the line sig-

nal and the pilot lamp to be automati-

cally extinguished.

When the operator completes the

connection by'inserting the second plug
in the line of the subscriber wanted, she
depresses a button, which, by an ingen-

ious device, causes the bell of the called

subscriber to be rung intermittently until

he answers. When the called subscriber

removes his telephone from the hook a

relay is operated which cuts off the ring-

ing machine and restores the ringing-

key to its normal position. The con-

nection is now governed by the two
lamp signals associated with the two
connecting cords. These are called
" supervisory " signals, as they auto-

matically supervise the connection.

While the two users have their tele-

phones off the switch-hooks the two
lamps are inert. If either user replaces

the telephone on the switch-hook the

corresponding lamp glows. The oper-

ator is thus kept constantly informed of

the state of the connection by the two
supervisory lamps. If either subscriber

wishes to recall the operator he flashes

his signal by working the switch-hook

up and down a few times.

When both the supervisory lamps
glow together they afford clear evidence

that both users have replaced their tele-

phones on the switch-hooks, and the

operator then immediately withdraws

the two plugs, thus setting both lines

free for other calls within a moment or

two after the conclusion of the conversa-

tion. The disconnection of the two
connecting cords automatically extin-

guishes the two supervisory lamps.

It will be seen that in this system
everything possible has been done to

cut down the time of operating the aver-

age telephone connection. The sub-

scriber automatically signals the ex-

change by taking up his telephone for

use, the operator automatically resets

the signal by the act of connecting to

the calling line. She sets the ringing

machine to work to ring the called sub-

scriber's bell by a single pressure of a

button. The two users at the end of

the conversation automatically and posi-

tively signal the exchange for discon-

nection by the simple act of replacing

their telephones in their normal posi-

tion.

A comparison of the relatively slight

amount of work required on each con-

nection, and of the accuracy and cer-

tainty of the signals, with the much
greater amount of work required and
the lack of certainty of the signals under
older methods of operation, shows that

the automatic lamp signalling must ac-

complish a gain of several seconds in

the time occupied in operating each

average connection. In very large tele-

phone systems this gain of several sec-

onds on each connection must be multi-

plied bv the daily traffic of several hun-
dred thousand connections in order to

obtain an adequate idea of the engineer-

ing importance of studying the telephone

service from the point of view of the in-

dividual connection.

The gain in efficiency and in time of

operating the average connection is

manifest in an economy of plant in two
directions. An economy results in the

exchange plant and an economy results
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in the line plant. In the exchange the

size of the switchboard is a function not

of the number of subscribers, as is gen-

erally considered, but of the traffic.

Each position at the switchboard can
deal with a certain number of connec-
tions each day. If the work on each
connection is diminished the number of

connections which can be handled in a

day at a position will be increased.

The number of subscribers' lines

terminating at any given position is

necessarily determined by the traffic

arising from the individual lines. The
result of the increased efficiency of oper-

ating the individual connection is that

the modern telephone switchboard ac-

commodates in a given space a much
greater number of lines than its imme-
diate predecessor. The exact amount
of gain in this particular direction varies

according to local conditions, ranging
in individual cases from 30 to 50 per
cent. In one particular case with which
I am familiar, a switchboard on the new
system for 9600 lines occupies exactly

the same space as a switchboard on the

old system formerly occupied for 5000
lines.

An economy in exchange plant results

in economies in various directions. The
capital expenditure is reduced in pro-

portion to the traffic handled, and the

operating expense is also reduced. As
less space is occupied for the machinery
for doing a given amount of work, the

rent, or investment in land and build-

ings, is also reduced proportionately,

and all such expenses as taxes, light,

heat, ventilation, etc., are proportion-

ately reduced.

Since less plant is required to handle
a given amount of traffic, the charges
for maintenance and depreciation of

plant in proportion to traffic are less-

ened. From these considerations it is

seen that a whole train of economies re-

sults from the simplification of the work
and the reduction of the time in hand-
ling each individual telephone connec-

tion.

The second important direction in

which economy is effected by the same
causes is in the line plant. The econo-
my of use of the subscriber's line is not

an important matter as far as the direct

financial value of the traffic carrying

capacity of that line is concerned, for

the reason that very few subscribers'

lines are fully occupied during the work-
ing hours of the day. It is not, indeed,

a desirable condition that an ordinary

subscriber's line should be fully occu-

pied, for the reason that it is the line

over-burdened with traffic which is the

most prolific source of annoyance to

subscribers in general by being always
'

' engaged '

' when wanted.

Where a heavy traffic is required to

be handled it should be handled by a

special arrangement of lines and stations,

usually termed a private branch ex-

change. This arrangement, consisting

of several junction lines connecting a

small switchboard at the subscribers'

premises with the nearest main ex-

change, enables the telephone facilities

to be kept always in proper proportion

to the telephone traffic, which is not

possible with direct lines terminating in

individual telephones.

The gain to the subscriber's line by
the improvement of the efficiency of the

average telephone connection is particu-

larly manifest in the reduction of the
'

' engaged '

' trouble. If the time oc-

cupied by the average connection is re-

duced, as described above, it is clear

that each line in the system will be free

during a certain time when previously,

owing to the longer duration of the aver-

age connection, it was " engaged."

As two lines are concerned in every

connection, there clearly must result a

great aggregate gain of time during

which lines are free, when under pre-

vious methods of working they would
be '

' engaged.
'

' This results in letting

some calls through that under former

conditions would have been blocked by
the

'

' engaged '

' report. In this way
the saving of time on the average con-

nection increases the traffic carrying

capacity of the subscriber's line.

In considering this gain (upon which

it would be difficult to place any actual

figure) it must be borne in mind that a

very large proportion of the daily tele-

phone traffic occurs during a few hours

of each day. During those few hours
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the busier telephones are constantly in

demand, so that it is quite evident that

a gain of a very few seconds in the dura-

tion of each telephone connection would
suffice to admit of a certain number of

calls each day for those busy telephones

being made effective that previously

would have been ineffective.

When we come to the junction line

plant, a part of the line plant quite dis-

tinct from the subscribers' lines proper,

it is evident that a reduction in the time

of operating each connection must have
a distinct bearing on the economy of

the plant. Junction lines are those lines

which connect the various exchanges of

a city telephone system one to another.

In every city telephone system it is

requisite, in order that all subscribers

may communicate speedily with any
other, that each exchange in the system
shall be directly connected with every
other exchange. This involves the pro-

vision of a large number of lines entirely

distinct from the subscribers' lines, and
of switchboards at each exchange which
are distinct from the switchboards em-
ployed for answering subscribers' calls.

These junction lines and junction switch-

boards are the part of the telephone sys-

tem known as the junction plant.

It is evident that the provision of

junction lines is dependent entirely upon
the volume of traffic. The subscriber

requires at least one line, whether he
sends one message a day or ioo mes-
sages a day; but junction lines between
exchanges must be provided in propor-
tion to the number of daily messages
passing between those exchanges. Each
junction line can carry so many mes-
sages a day, the number depending on
the rate of flow of the traffic during the

different hours of the day and on the

average time occupied by each message.
If the average duration of the message
is diminished, the number of daily mes-
sages per junction line is increased.

The practical capacity of a junction

line in daily traffic is very much less

than its real capacity, owing to the fact

that telephone traffic flows in great vol-

ume only during a comparatively short

period of the day. This means that the

junction line plant is working at its full

capacity during certain hours, and is

relatively idle and superabundant during
the rest of the day. Owing to this con-

centration of load during a short period

of the day, it is urgent to cut down the

duration of the average telephone con-

nection in order to secure the greatest

possible economy in the use of the junc-

tion line plant. An important gain,

therefore, in the time of operating each

connection is directly reflected in econo-

my of junction line plant by giving each

junction line a greater carrying capacity

during the busiest hours of the day.

The method of automatic signalling

has been extended to the working of

junction lines so that when the originat-

ing operator, in response to the sub-

scribers' supervisory signals, withdraws
the plug from the outgoing end of the

junction line, a lamp is automatically

lighted in front of the operator at the

incoming end of the junction line. This

is a positive signal to disconnect the

junction line, a signal which was absent

from the older method of working junc-

tions. The absence of such a signal

was the cause of great waste of time and
of great uncertainty in operating junc-

tion lines.

By the most modern method of work-
ing, then, the economy of the junction

line plant has been increased both by
the reduction in time of operating the

average connection and by the improved
methods of signalling adapted to the

junction lines themselves.

MESSAGE RATES

It has been shown that the study of

the telephone service from the point of

view of the individual telephone connec-

tion has resulted in improved efficiency

and economy of working. It can also

be shown that the study of the individual

telephone connection or message affords

the true basis for arriving at telephone

rates.

It is obviously just that telephone

rates should be based upon the indi-

vidual use of the service, that is, upon
the message instead of upon the sub-

scriber's line. There have been many
modifications in different parts of the

world of the method originally adopted
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of charging a subscription rate for tele-

phone service, but the subscription rate

became so universal that it is still gen-
erally regarded as the proper way of

charging for telephone service.

No other service is charged for by a
fixed annual rate, regardless of the
amount of service required by the con-
sumer, and the method is obviously un-
just and unbusiness-like. If applied to

any other business or means of com-
munication its absurdity would at once
be apparent. In telegraphy we charge
by the word or by the message. In

postage by the ounce or by the letter.

In railway travelling by the mile. In

electricity supply by the kilowatt-hour.

It is true that in most of these services

the customer does not require special

facilities for using the service, or if he
does exceptionally require them, such
as a private telegraph wire, for example,
he pays special rates for such facili-

ties.

In the telephone service, however,
each individual customer does not re-

quire special facilities for using the serv-

ice. Each regular customer must have
his line and telephone station. The
rates in the beginning were based upon
the line and station, and the existence
of the individual line and station has
popularly justified the maintenance of

the subscription rate.

In very small systems, where the
facilities supplied to each subscriber and
the work required to be done for each
subscriber average fairly equally, the
subscription rate is quite justified; but
in large systems, where the demands of

the subscribers vary widely both as to

the permanent facilities which they re-

quire and the amount of work which
they originate, the subscription rate is

illogical and unpractical.

The service which a telephone user
gets each time that he uses the tele-

phone system is the use of a certain

amount of plant for a certain amount of

time. The charge for that service,

therefore, ought to vary with the amount
of plant which is used and .with the
length of time for which it is used.

This principle is the basis of all toll and
long-distance telephone rates, and, gen-

erally speaking, of telegraph and sub-

marine cable rates.

In long-distance telephony the rate

varies with the length of line and with

the time for which it is used. There is

no reason why the same principle should

not be applied, with certain modifica-

tions, to the local telephone service of

cities. The value of the service to the

customer is certainly in proportion to

the use he makes of it and in proportion

to the range of the facilities afforded.

The cost of the service in respect to any
individual customer is proportionate to

the time he uses it and to the distance

over which his messages are carried.

The scientific unit of the cost of tele-

phone service is the. " minute-mile."

In long-distance telephone working this

is clearly recognised by the adoption of

rates which vary with the number of

miles over which conversation is held

and with the number of minutes which
the conversation occupies. In local

service it is impracticable to measure
minute-miles, although the fact that the

number of minute-miles used largely

determines both the value and the cost

of the service, is incontestable.

In the local service we must depart

from the exact measurement which is

possible in the long-distance service and
depend upon averages. The minutes

practically take care of themselves, be-

cause the vast majority of local telephone

conversations are very short. In places

where message rates obtain it is usual

to define a local message as a conversa-

tion not exceeding five minutes in dura-

tion; but as a matter of practice it is

rarely necessary to insist on the five

minutes' limit as the basis of the charge

for a message, for the reason that local

conversations which exceed five minutes

are an extremely small proportion of the

total daily messages. As far as the

time element in the local telephone mes-

sage is concerned, therefore, there is in

practice no necessity to insist rigorously

upon a limit, and consequently no
necessity to measure.

As regards the distance element, it is,

in the local telephone service of a city,

impracticable to measure, because of the

great variety of distances over which
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local messages are carried. Here,

again, we must depend on the unscien-

tific average and adopt the message as

the unit, the message being a conversa-

tion between any two points served by
the system.

Notwithstanding that it is imprac-

ticable to measure the distance which
each local telephone message traverses

and charge for it accordingly, the fact

remains that the distance over which
local telephone messages are carried has

a very real bearing on the cost of fur-

nishing the service.

It is well known that large areas are,

for telephonic purposes, divided up into

districts, each district being served by
an exchange, and all the exchanges be-

ing connected together by junction line

plant, as already referred to. The ex-

tent of this junction line plant, as pre-

viously described, depends upon the

volume of daily traffic; but it also de-

pends upon the average distance over

which this traffic has to be carried. In

other words, the extent of the junction

line plant is a function of the area to be
served as well as of the traffic to be car-

ried. In a large area, with many ex-

changes and some exchanges separated

by great distances, the junction line

plant assumes a considerable proportion

of the total plant required for furnishing

the service.

The most extreme illustration of these

conditions is the London telephone sys-

tem, in which there are over sixty ex-

changes, some of them thirty miles

apart. At the present time these ex-

changes serve subscribers who, for a

certain fixed yearly sum, may talk as

much as they like and as often as they
like over the whole London telephone

area. It is easy to see that a subscriber

connected to one of the outlying ex-

changes and requiring frequent com-
munication with the centre of the city

may practically monopolise a junction

line many miles long.

It is obvious that the part of the cost

of furnishing local telephone service

which is dependent on the maintenance
and operation of the junction line plant

must vary with the size of the area

served. To reach all parts of a large

area requires a very much more exten-

sive junction line plant than to reach all

parts of a small area. It is equally

obvious that the average distance over

which messages are carried is greater in

the large area than in the small, and
consequently the service performed in

the large area is the more valuable of

the two.

It has already been said that it is im-

practicable to record the distance over

which each local message in a city tele-

phone system is carried for the purpose

of varying the charge in accordance with

the distance. To suit the public con-

venience and to comply with the condi-

tions of speed under which the service

is conducted it is necessary to adopt the

message as the unit of charge, but in

fixing the price of the message the effect

of the average distance over which it is

carried on the cost of carrying it must
not be ignored; in a large city the cost

of the average message is higher and its

value to the user is greater than in a

small city.

Reference was made above to certain

modifications of scientific principles

which must be borne in mind in de-

termining rates for local telephone serv-

ice. While the scientific unit of cost is

the minute-mile, we have already ad-

mitted that, in respect to local telephone

messages, it is unnecessary to regard

strictly the minutes and impracticable to

measure accurately the miles in each in-

dividual message. By force of circum-

stances, while recognising the bearing

of minute-miles on cost, we are driven

to base charges on an average unit which

we term the message. Even with the

convenient message as the unit, we are

unable at present to adopt the message
exclusively.

The telephone user requires a line

and station in order to be able to use

the service at all. This line and station,

with its share of exchange plant, in-

volves a certain capital expenditure and
a certain yearly charge for interest,

maintenance and depreciation. If we
charged exclusively by the message,

there would be many subscribers who
would use so few messages that they

would be unprofitable customers.
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Therefore, we must have a minimum
rate, which preferably should cover a

minimum number of messages.

This tends to give the customer the

telephone habit. If the minimum rate

does not cover a certain number of

messages, the customer, feeling that he
has to pay for each and every message
from the start, is apt to be very eco-

nomical in his use of messages, and he
acquires the telephone habit but slowly.

After the minimum rate, the charge
should vary solely with the number of

messages. In determining what should

be the base rate per message, or the
minimum rate for a minimum amount of

service, it is necessary to study in detail

the cost of construction, maintenance
and operation of the plant according to

the local conditions; and in fixing the

rate per message, while the extent of

the area is the first point to be consid-

ered, there are also various other con-
siderations, such as the general operat-

ing cost as modified by proportion of

junction working, the cost of night serv-

ice, of monitor service and of general

supervision.

STEAM ENGINEERING IN \9Q4

By Charles Hurst

IN
future years, when another history

of the development of steam and its

applications comes to be written, it

is probable that the year 1904 will be con-

spicuous for the strides made in steam
turbine manufacture. The decision

of the committee appointed by the Cun-
ard Company to consider the advisabil-

ity of employing turbines for the new
Atlantic liners now approaching com-
pletion is a notable event in engineering

history, for if the proposed type of en-

gine realises the expectations of the de-

signers, there is little doubt that the

turbine will soon be largely adopted for

ocean mail and passenger services, and
at no distant period for cargo steamers.

On land the use of the steam turbine

has extended considerably in the past

year, but it cannot yet be said that it is

displacing the reciprocating high-speed
engine. In certain situations, where
condensing water and superheated steam
are available, and where space is limited,

turbines have many advantages; but,

on the other hand, the reciprocating

engine is, without doubt, the better type
where condensing apparatus is not used,

and where superheated steam is not con-

tinuously available.

It is a curious circumstance that both
turbines and the practice of superheating

are merely revivals of inventions which,

up to a few years ago, had long been
discarded as not offering any prospect

of success, and that at the present time

they give greater promise of advance-
ment than any other features of steam
engineering. The genius of Watt was
directed to the improvement of the pis-
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ONE OF THE 5OOO-K. W. CURTIS STEAM TURBINE ALTERNATORS, BUILT BY THE GENERAL ELEC-
TRIC COMPANY, SCHENECTADY, NEW YORK, IN THE STATION OF THE COMMONWEALTH

ELECTRIC COMPANY AT CHICAGO. TOTAL HEIGHT, 35 FEET 6 INCHES. DIAMETER
OF ARMATURE, 14 FEET 3 INCHES. THREE SUCH UNITS ARE NOW IN OPER-

ATION AT THIS STATION, WHICH IS DESIGNED FOR AN ULTIMATE
CAPACITY OF 60,000 K. W.
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ton engine, and thus led engineers'

thoughts away from the possibilities of

the turbine; and at a certain stage in

the development of the piston engine,

the fascinations of high boiler pressures,

multiple cylinders, and the difficulties

of lubrication and packing under high

temperatures diverted attention from a

practice which was practically discarded

from the year 1865 to within the last

five years. Now, however, lubrication

and packing difficulties have been in

great degree surmounted, with the re-

sult that superheating has again been
taken up with great success.

Turning to the high-speed reciprocat-

ing steam engine, a feature of the past

year has been the comparative decline

of the single-acting, constant-thrust en-

gine. This was inevitable from the

moment forced lubrication became a

practical success. For a given power
the single-acting engine is of about twice

the weight of the double-acting engine;

it occupies greater space, it is more
costly, and its internal friction is greater.

The air buffer is also a drawback. At
the best, a considerable loss is incurred

by the compression of the air in the

buffer following closely on the adiabatic

curve, whilst in expanding, the curve

falls below this, thus enclosing an area

which represents dead loss to the engine.

In addition to this there is the friction

loss, as well as the waste due to leak-

age. It is not remarkable, therefore,

that to-day the single-acting engine is

out of the running for large powers, and
its use is rapidly declining even for

small units.

In slow-speed engines a notable feat-

ure has been the increased favour of the

drop-valve type,—doubtless a conse-

quence of the extending practice of

superheating. The drop valve, as its

name implies, closes by falling upon its

seat, and, therefore, there is no danger
of abrasion of the valve faces whatever
the degree of superheat. The valve is

also independent of lubrication.

In horizontal engines, considerable

improvement has, of late, been effected

in the design of bedframes, particularly

in the manner of carrying the crosshead

slides. In the old type of Corliss or

trunk frame it was the practice to leave

the slides unsupported, except for a

small stool at the crank end; the main
journals were supported by feet of no
great size, and the bedplate had no other

bearing upon the foundations. This
type is rapidly giving place to a more
substantial design in which the bearing

on the foundation is continuous through-

out the whole length of the bed. Such
a design is well able to preserve align-

ment of the engine in case of subsidence

of the foundations, and is, in a great

measure, unaffected by local sink-

ing.

With the old Corliss trunk design the

least variation or settling in the founda-

tions becomes a serious matter and
throws the engine out of line. Increased

attention has also been given to the dis-

position of the metal in the bedplate, so

as to distribute it fairly equally around
the axis of the piston rod, thereby avoid-

ing objectionable bending and twisting

effects. This has for many years been
the practice in rolling mill engines, and
gas engine makers have long been com-
pelled to give attention to the matter.

The old type of box bed was very faulty

in this respect, all the metal being ar-

ranged below the centre line of the

engine.

In the matter of valve gears there is

little of a novel character to notice. Im-
provements in minor details have been
made, particularly in the matter of

avoiding overhanging pins in Corliss

and drop valve gears.

The past year has seen little change
in steam locomotive practice. In some
quarters the compound system has found
favour; but, on the other hand, the

saving in fuel over the non-compound
system has not. in some cases, appeared
to balance the extra first cost and the

repair and upkeep charges. Pressures

appear to be slowly increasing, and the

tendency is to build heavier engines,

but nothing sensational has been at-

tempted in the past twelve months.

So far as steam boilers are concerned,

the year 1904 has been in no way re-

markable. The water-tube type has

grown steadily in favour, and, as pres-

sures rise, this class will undoubtedly
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displace those which carry large volumes
of water, and consequently require thick

plates to resist the pressure. Experience

has removed the defects which at one
time seemed inseparable from the water-

tube boiler, and much of the prejudice

against it has disappeared.

The developments of the past few

years have placed the disappearance of

the steam engine, which has of late been

such a frequent prophecy, at an indefi-

nitely remote period. The steam tur-

bine has undoubtedly done something

to bring about this new lease of life, and
it will require much advance in gas and
oil engine design and construction to

supplant the steam engine.

Modern methods of disposing of town
refuse will also call for steam engines as

the best means for utilising the heat

generated by the combustion of the

refuse. In many places the combination

of refuse destructor and power plant is

in successful operation. Destruction by
fire is, beyond all doubt, the best method

of dealing with the rubbish and offal of

large towns, and at the present time

there seems to be only one practical

manner of utilising the heat generated,

and that is by raising steam in boilers.

Roughly speaking, one pound of steam
can be obtained per pound of refuse

burnt. It is clear, therefore, that there

is a vast potential energy in mere rub-

bish, which only the steam engine can

transform into useful energy with prac-

tical success.

In considering the steam engine the

question which every engineer asks

himself is this,—Has it reached finality,

and if not, in what direction is improve-
ment to be sought ?

That finality has been attained is not

credible. All experience is against such
a conclusion. Further improvement
will come mainly from increased boiler

pressure, increased superheat, and, with

respect to reciprocating engines, reduced
clearance spaces, carefully drained cyl-

inders and reduced friction.
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THE DIVINING ROD AGAIN

By Rossiter "W. Raymond

A
N illustrated article in

the American Ma^
chinist, of July 2 1

,

1904, entitled

"A Water Di-

viner and His
Work," re-

vives again the

subject of the

divining - rod,

which has been
for more than

four hundred
years the theme
of controversy.

This particular

contribution
presents no
special novelty.

1 1 resembles

hundreds of others, which,

singly and in the aggregate,

have failed thus far to prove
the validity of the claims of the prac-

titioners of the occult art concerned.

Of its three illustrations, one shows
the boring tools used to bore the well

located by the diviner, and another, the

stream of water afterwards pumped from

the said well. These are, of course,

quite irrelevant to the previous opera-

tions with the rod. The remaining
illustration is from a photograph show-
ing a test experiment, made after a well

had been bored, in which two gentle-

men are endeavouring in vain to prevent

the twig from turning in the hands of

the diviner as he stands over the sub-

terranean stream.

The picture and text suggest forcibly

the unscientific nature of such tests as

usually conducted. The two gentlemen
are on the two sides of the operator,

each holding with one hand a pair of

pincers, nipping the end of a branch of

the forked twig, each branch being

2-3

firmly grasped by the full hand of the

operator. The annexed diagram illus-

trates the mechanical situation.

The photograph does not show what
kind of pincers was employed, or how
they were applied. From the circum-

stance that they are completely hidden
in the picture by the hands holding

them, it may be inferred that they were
small instruments with flat jaws, such as

are used for twisting wire. Moreover,

the picture intimates that the forked

stick had no bark on it. At all events,

it is evident that this is a case of apply-

ing a brake on the axle of revolution

(the place where it can have the smallest

effect), and of giving to this brake the

oO

THE OPERATOR'S POSITION IS MARKED O; G.G ARE

THE POSITIONS OF THE TWO MEN HANDLING THE
PINCERS p p: T IS THE TIP OF THE FORKED

TWIG; AND Jl ll ARE THE POSITIONS OF

THE OPERATOR'S HANDS

smallest surface of contact with the axle,

—to wit, a short line of tangency to the

curved surface,—while the fingers of the

operator clasp the entire circumference

of the same axle. In other words, the

resisting force is reduced to its smallest

113
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efficiency, besides being left uncertain

as to effective amount, being dependent
upon the shape of the pincers, the nature

of their jaw-surfaces, and of the surface

to which they are applied, and the

amount of energy actually exerted by
the hands which hold them.

As to the last item, I must say that I

would expect much more from the two
hands of the stalwart operator than from
the pair of hands contributed respec-

tively by the youthful and the venerable

champions of inertia shown in the pic-

ture. It seems clear to me that the

conditions of this test were arranged by
the diviner and politely accepted by the

visitors; otherwise, it would have been
easy and obvious to measure directly

the strength of the movement of the

point T by attaching it to a spring bal-

ance, or otherwise determining the

weight which it could lift by " dip-

ping."

This reported test, declared to be
" the most interesting part of the dem-
onstration " described, is not at all

novel in general nature; but it is decid-

edly inferior in spectacular features to

innumerable predecessors of its class.

The form with which students of the

subject are familiar involves the state-

ment that the energy with which the

twig dips is so great that the resistance

applied, brake-wise, on the axle of revo-

lution is overcome at the cost of strip-

ping the bark from the arms constituting

that axle.

The amount of energy required to

strip off bark under such circumstances

is, of course, variable; but I feel sure
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that even ordinary pincers held with re-

spectable pressure would not allow a

bark surface to revolve without damage.
The omission, in the present case, of

this usual phenomenon, therefore, con-

firms my inference from the picture that

the twig was denuded and smooth.

Yet, even under these circumstances, a

moderate grip with pincers should have
twisted the twig before permitting its

revolution. The absence of even this

small effect is pretty conclusive proof

either that the twig employed was very
hard and smooth, and that the pincers

employed took no substantial hold on
it, or else that the aggregate energy
exerted by the two gentlemen was very
small.

But the report of this exhibitory
" test " declares that, in spite of the re-

sistance of the " two gentlemen with

pincers," the point of the V " made
two revolutions around '

' the hands of

the operator. Now, it is self-evident

that any continuous outside force from
below, acting upon " the point of the

V," while it might (if a force of attrac-

tion) produce a dip, could not produce
a revolution, but would resist such a

revolution as soon as the said point had
passed the line connecting its axis of

revolution with the locus of such a force.

It would be absurd to suppose that the

subterranean force acted alternately in

attraction and repulsion so as to produce
a revolution around a distant axis, and,

consequently, it is reasonably proved
that such a revolution, if due to such a

cause at all, is not a direct, but an indi-

rect effect; in other words, that the

energy producing such a revolution pro-

ceeded immediately from the operator,

through his hands, clasping the axle-

arms of the forked stick. This conclu-

sion is corroborated by the indications

of a large majority of the instances of

such divination reported on respectable

authority.

There is another significant statement
in the article referred to, namely, the

reported section of the bore-hole made
to reach the deep water supply indi-

cated by the diviner. This section in-

dicates that the hole was driven through
permeable strata to a deep lying artesian

floor. It follows:— (1) That a person
sufficiently familiar with the local geo-
logy could have predicted the occur-

rence of water at this horizon without
any preliminary ceremonies with a twig

;

(2) that any well located in the vicinity

and sunk to this horizon would prob-
ably tap the same supply.

Experience has shown that there are

cases in which water supplies can be
reached by sinking at a given spot, when
sinking at another spot, not far away,
is unsuccessful; but these cases do not,

as a rule, occur in such formations as

the one here shown by the section of

the boring. On the contrary, the con-

tinuous and familiar practice of engi-

neers in this department proves and
utilises the existence of subterranean

water upon certain horizons of imper-

vious rock. Water thus stored could

not, upon any conceivable theory, ex-

ercise a special influence at one spot on
the surface hundreds of feet above.

Moreover, the picture representing

the conditions of this test shows a con-

siderable stream of water flowing from

a pipe close by the group of testers. I

presume this is the stream coming from
the subterranean sources previously dis-

covered by divination. But whether it

is or is not that, its presence on the sur-

face totally invalidates the test as a

demonstration of the dynamic effect of

a deep subterranean stream.

Finally, it is incidentally mentioned
that the operator in this case offered the

terms " no water, no pay." This is

the recognised formula of the quack

;

and reasonable men are well-nigh justi-

fied in rejecting, as not worth serious

investigation, any evidence with which
it is tainted. The reasons of such dis-

trust I will not here set forth at length.

Among them are:—(1) The great diffi-

culty of investigating evidence presented

by a pecuniarily interested party; (2)

the certainty (historically well estab-

lished) that practitioners of such an art

will claim for it much more than the

possible nucleus of truth which could be

impartially claimed; (3) the similarly

established certainty that both operators

and their patrons will report successes

and ignore or forget failures; and (4)
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the unquestionable fact that successes

which may have been due to fortunate

coincidence or to knowledge otherwise

obtained are popularly credited to the

occult art.

So much for the article here taken as

a text and criticised at some length be-

cause it is a sample of the statements

advanced from time to time concerning

this vague and fascinating controversy.

Hundreds of such contributions, added
to the thousands already embalmed in

the literature of the subject, would add
nothing to our real knowledge of it.

Some people seem to think that a vast

accumulation of defective or suspicious

testimony amounts to proof. I cannot

agree with them.

More than twenty years ago I read

before the American Institute of Mining
Engineers a paper on the divining-rod,*

in which I summed up the literature of

the subject, and suggested my own
view as to the possible residuum of

truth included in the claims now ad-

vanced by diviners. Since that time

the principal additional contributions to

the English literature of this subject

have been two papers by W. F. Barrett,

Professor of Experimental Physics in the

Royal College of Science for Ireland,

both entitled " On the So- Called Divin-

ing-Rod," and published in Vol. XIII.

(1897-8) and Vol. XV. (1900- 1), re-

spectively, of the " Proceedings of the

Society for Psychical Research.
'

' These
papers comprise a more thorough an-

alysis of historical materials than my
own earlier treatise; and they present a

large number of recent cases, more or

less weighty, as evidence. But I find

nothing in them to change the opinion

I expressed in 1883. I then snowed
that nine-tenths of the science of the

divining-rod, as it was taught in the

Middle Ages, relating to its material,

its astrological relations, the ritual at-

tending its use,—indeed, the inherent

virtue of any rod whatever,—must be
regarded as completely disproved by
overwhelming experience. Even the

most famous experts have declared that

the rod is merely an index, revealing

* Annual Meeting, Boston, February, 1883,

Trans., Vol. XI., p. 411.

and magnifying in visible results the

peculiar inner sensations of the diviner;

and hundreds of such experts have
worked, and now work, without it.

We may also unhesitatingly consign to

the limbo of vanity the use of this instru-

ment to discover criminals, stolen goods,

buried treasure, petroleum, metals, and
coal.

With regard to the discovery of

springs of water, and of ore deposits,

when (as is frequently the case) these

are still channels for water, the case is

somewhat different. There is undoubt-
edly a practical art of discovering

springs. Indians or frontiersmen can

find water in the desert when a
'

' tender-

foot
'

' cannot. Mexicans and experi-

enced prospectors can similarly find

ore. These arts consist mainly in the

recognition of superficial signs which
escape the ordinary observer.

It is not necessary that the operator

should consciously note these signs

separately and reason upon them. No
doubt he frequently does so, though he
may not give away the secret of his

method to others. But in many in-

stances he recognises, by association

and memory, the presence of a group of

indications, great or small, which he has

repeatedly found to attend springs or

ore deposits. This skill, due to habit,

is often almost unerring for a given

limited district; but under new condi-

tions it breaks down. Old miners from
California or Australia have often started

in other regions the most foolish and
hopeless attempts to find gold, because
they thought this or that place

'

' looked
just like

'

' some other place in which
they had mined successfully.

Apart from the magnetic minerals,

there is no proof that ore deposits ex-

hibit their presence and nature by any
attraction or other active force. With
regard to water, however, there may be
an action affecting the temperature and
moisture of the overlying surface.

Even here, however, it seems more
likely that such effects are manifested

visibly to a close observer, rather than

by direct affection of his nervous or

muscular system. The favourite fields

for water- diviners are regions in which
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water is abundant, but not gathered

upon given horizons of impermeable
strata underlying porous rocks.

Thus in New England it is well

known that water- courses follow in de-

fined channels the surface of the bed-

rock, or fissures therein, so that a well

may be dug at one point without suc-

cess, while at another point, not many
yards away, water is struck at small

depth. Now, there is abundant evi-

dence that the places where water comes
nearest to the surface in such localities

frequently carry superficial indications

of the fact. They gather heavier dews,

give out more vapour, show the effects

of frost earlier, or grow special varieties

of grasses, etc. A recent experiment

made in New England showed several

scores of species of grass growing on an
area six inches square. The predomi-

nance of certain species over the rest

might well be indicative of subterranean

moisture conditions.

Moreover, the relative dampness of

such a spot, —produced by the drawing -

up of moisture through the roots of

plants,—may conceivably be detected,

consciously or unconsciously, by a sen-

sitive person walking over it; and this

sensation may possibly be emphasised

to the observer and indicated to others

by a rod, acting as a lever, and register-

ing in magnified motion a minute mus-
cular action. This is the small possible

residuum of all the claims put forward

during four centuries past in behalf of

the occult science of divining.

Referring the reader to my former

treatise for a more extended exposition

of my views, I take the liberty of quot-

ing here its final paragraph,* which still

expresses my deliberate conclusion:

—

" To this, then, the rod of Moses, of

Jacob, of Mercury, of Circe, of Valen-

tine, of Beausoleil, of Vallemont, of

Aymar, of Bleton, of Pennet, of Cam-
petti,—even of Mr. Latimer,—has come
at last. In itself it is nothing. Its

claims to virtue derived from Deity,

from Satan, from affinities and sympa-
thies, from corpuscular effluvia, from
electrical currents, from passive pertur-

Trans. Am. Inst, of Min. Engrs., Vol. XL, p. 445.

batory qualities of organo- electric force,

are hopelessly collapsed and discarded.

A whole library of learned rubbish about
it, which remains to us, furnishes jargon
for charlatans, marvellous tales for fools,

and amusement for antiquarians ; other-

wise it is only fit to constitute part of

Mr. Caxton's ' History of Human
Error. ' And the sphere of the divining-

rod has shrunk with its authority. In

one department after another it has been
found useless.

'

' Even in the one application left to

it with any show of reason, it is nothing

unless held in skillful hands, and who-
ever has the skill may dispense with the

rod. It belongs, with ' the magic
pendulum ' and ' Planchette, ' among
the toys of children. Or, if it be worthy
the attention of scientific students, it is

the students of psychology and biology,

not of geology and hydroscopy and the

science of ore deposits, who can profi-

tably consider it. For us miners and
prospectors, the advice holds good
which was given us three hundred years

ago by the wise Agricola, the father of

our profession, who says the believers

in the rod find some veins with it by
accident.

( Sed idem multo soepius

perdunt operam, et ut venas invenire

possint, nihilominus in fossis agendis

defatigantur, quam adversae partis

metallici.' (But the same people much
more frequently lose their pains, and in

order to discover veins have to fatigue

themselves with digging, not less than

the miners of the opposite school.

)

"As a piece of sorcery, he goes on
to say, the virtuous and respectable

miner will avoid it; as a piece of science,

it is inferior to the study of nature, fol-

lowing the indications of which the

skillful and prudent miner selects a good
place for exploration, and ' ibi metal-

licusagit fossas,'—there the miner digs,

—to which business, rod or no rod, he

is bound to come at last.
'

'

The obstinate superstition connected

with this subject dies hard, and it is not

likely to be killed by such investigations

as have been heretofore directed upon
it. But there is a cause at work which,

in my judgment, will banish it from the

minds of educated men. I refer to the
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recent growth of a real science of the

laws of underground water-currents,

and the application of those laws in the

location of artesian and other wells,

and the planning of schemes of irriga-

tion.

The United States Geological Survey
has already done much in this depart-

ment; and I know men to-day, both in

and out of its service, whose opinions

on the underground water-supply of a

given locality would be more precise

and more trustworthy than those of any
diviner that ever dowsed a twig. I

have before me, at this time, the report

of such a man, stating with perfect frank-

ness all the accessible evidence, geologi-

cal, topographical, and historical; the

method of his reasoning thereon; the

results at which he has arrived; and the

practical recommendations which his

conclusions lead him to offer. This
man knows thoroughly his own geo-
graphical field, which comprises at least

a hundred square miles; and he might
easily go about with -a forked stick, tell-

ing people where and how far to dig or

bore for water, how much they would
get, and at what depth they would get

it. I have no doubt that he could sim-

ilarly master the conditions of any other

district, if sufficient time for the study

of it were allowed him; and I am
equally sure that, without such time

and study, he would not undertake to

give professional advice in a region new
to him.

The increased number of such scien-

tific experts will ultimately do away with

the '

' intuitive
'

' experts and the cloud

of irrelevant or delusive appurtenances

with which their operations are sur-

rounded. This is the way in which all

superstitions, half - knowledges and
pseudo- sciences have been conquered,

—not by direct frontal attack, but by
flanking movements, which drive them
from one position to another, and ulti-

mately, by occupying the whole field

under a new flag, reduce its previous

occupants to the position of ousted,

superfluous, and insignificant fugitives.



NAVAL ASPECTS OF THE WAR IN THE FAR EAST

By Archibald S. Hurd

W HAT are the

lessons to

be drawn
from the naval con-

flicts in the Far East ?

The world has seen

the newest and least

powerful of the seven
navies of the East and
West cripple and par-

alyse one of the great-

est fleets of Europe, a

fleetwith high prestige

and not undistin-

guished history. The
sea force founded by
Peter the Great has

been crushed without
having the opportun-
ity of showing what it

could do, with fairly equal odds, in one
of those fleet actions, big ships battering
big ships at a range of several miles,

which have been frequently prophesied
since the highly scientific and destructive

weapons of the present day were per-

fected.

The running fight of the Port Arthur
squadron, when it tried to dash through
Admiral Togo's blockading force and
find refuge in some neutral port, cannot
be regarded as coming within this cate-

gory, for the object of the Russians was
not to fight, but to get away. As a

matter of fact, the gun has had little part
in the naval warfare in the Pacific,

though battleships and cruisers are built

exclusively as platforms for its effective

use. Almost all the damage has been
done by high explosives in mine or tor-

pedo. This, in itself, is a remarkable
fact, and it has not unnaturally sug-
gested to some casual observers that the
mastery of the sea might be obtained
merely by the skillful use of mines and
mosquito craft,—torpedo-boats, de-

stroyers and submarines,—and that bat-

tleships, if not cruisers also, are obsolete.

In the matter of a few days from the

opening of hostilities, the upstart navy
of Japan secured a command of the seas

adjacent to her territories sufficient to

enable her to move in safety thousands

of troops great distances by water and
land them dry-shod and fully equipped
with horses, guns, and stores for the in-

vasion of Korea and the passage of the

Yalu River into Manchuria. In all the

long history of warfare there is no par-

allel to the initial success of the Japa-

nese,—a people with the indomitable

persistence of fanatics, and with all the

aid that science could lend them.

The methods adopted by Japan, a

nation with a genius for sea power only

lately discovered and even now but

partially developed,—as we shall see in

future years,—must be of special inter-

est to the British and American peoples.

America is Japan's near neighbour in

the Pacific.

In several respects there is a curious

similarity between the geographical sit-

uation of the United Kingdom and that

of Japan. The British Isles are placed

in respect to Europe very much as Japan
is situated in relation to Asia. There
is this difference, however, that whereas

at the point where Japan lies closest to

the mainland there flows a strip of water

200 miles broad, only 20 miles separate

Dover from France, and even between
Hull and Wihelmshaven, the great base

of the German navy, the distance is but

1 60 miles. The Japanese Government,
but not the nation at large, recognised

this parallel soon after the new constitu-

tion had been set up, and, with a full

knowledge of the political development
of the British Empire, they decided to

take the British fleet as the type to be

copied in providing the Japanese nation

119
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with a naval force adequate to its policy

and the dangers which threatened it.

They were not slavish imitators, how-
ever, of the British model. They went
about the creation of a modern fleet in

a manner entirely their own. Their first

consideration was the provision of an
adequate number of officers and men
trained to a high standard of war effi-

ciency, and when their training schools

and colleges and their dockyards for re-

pairs were in working order they gave
orders for the building of big men-of-

war. They delayed building armoured
ships for many years, and even as late

as 1894, when the war with China oc-

curred, they had no sea going battle-

ships, while the Chinese had such ves-

sels. The Japanese won because they

had learnt how to employ their weak
ships to better advantage than their op-

ponents could use superior ones. The
Japanese realised that in modern war
the efficiency of the crews in their war
duties is the first essential, and without
this the finer the vessels, the more deli-

cate the weapon of defence, the more
likely are the decks to become revolting

shambles as soon as the first clash of

battle comes.

From the very first Japan built her

navy with the belief that it would be
used against Russia, while Russia built

her Pacific squadron in the anticipation

that it might be used against Great
Britain. From the first to last in the de-

velopment of their
'

' advanced policy
'

'

the advisers of the Czar refused to be-

lieve that they had any reason to fear

Japan. Reasoning from their experi-

ence of the harmless character of British

protests, and the exaggerated import-

ance which British opinion attached to

the fighting power of the Russian fleet,

they bluffed Great Britain in the same
way as they bluffed the Asiatic peoples
on whom they were pressing.

Naval officers who have served during
the past three or four years in the Red
Sea relate that Russia discovered that it

was the funnels, blackly silhouetted on
the horizon, which impressed Asiatics

rather than the number of guns
mounted. As a result of this discovery
they introduced into the Red Sea and

into Far Eastern waters ships with three,

four, and even five funnels. They all

helped to deceive.

On somewhat similar lines the Pacific

squadron was developed. As quickly

as ships could be built in America,
France, Germany, and even Great Brit-

ain, to a very small extent, they were
hastily manned, and despatched on their

way to the Pacific, not rapidly, but in

leisurely fashion, touching at all inter-

mediate ports of importance, in order

that the fame of the ships and their

menacing guns,—or funnels,—might
sink deep into the minds of the people

of the world.

Russian naval policy was the antith-

esis of that of Japan; they built ships,

but they failed to provide adequate com-
plements of trained officers and men.
The result was that ships were ready

before the Russian Admiralty had
trained crews with which to man them.

Vessels went out to the Far East power-

ful in appearance, but deplorably de-

ficient for warlike purposes. They
lacked sufficient staff in the engine

rooms and necessary trained executive

officers, and in place of trained men,
whom in the British and American serv-

ice it takes several years to produce
from the raw material on board the

training ships, the Russians drafted the

odds and ends of humanity, whom, un-

der conscriptive law, they had dragged
from agricultural districts, men unfa-

miliar with the simplest mechanical de-

vices, unused to the sea, and remarkable

only for a high courage which would
have made them excellent sailors had
they lived a hundred years ago. There
was a leaven of skilled officers and men,
but it was too small.

In St. Petersburg and in every naval

centre in Russia, at Port Arthur, at

Vladivostok and elsewhere, Japanese
officers, openly or in disguise, closely

watched the lines along which Russia

was strengthening her Port Arthur
squadron. They alone realised that

the Pacific squadron of Russia was
largely a sham. Between April, 1903,

and the outt reak of the war, Russia dis-

patched to the Pacific four battleships,

two armoured cruisers, seven cruisers,
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about twelve torpedo craft, two mining
ships and a gunboat, with a total dis-

placement of 113,155 tons.

The Naval Department at Tokio
learnt that even after these ships had
joined at Port Arthur and Vladivostok
no change occurred in the character of

the crews or in the easy routine to which
officers and men had become accus-
tomed. The huge fleet seldom carried

out tactical exercises or other maneuv-
ers at sea, and small attention was de-
voted to gun and torpedo training. To
the very last it was apparently the belief

of practically all the officers in control

of the forces of Russia that the menacing

loss, while Russia had in the Baltic,

either ready for sea or nearing comple-
tion, a fleet of men-of-war, making al-

lowances for the obsolescent character

of some of the units, almost as powerful

as the whole resources of Japan.
In the early days of the war a great

deal was heard of the "might" of

Russia, and the newspapers were full of

reports of the ships which she could

send to the Far East. These men-of-

war, though their number was exagger-

ated, were no myths. Apart from the

vessels
'

' walled
'

' into the Black Sea
by the Treaty of Berlin, the following

were in the Baltic when war broke out :

—

THE RUSSIAN BALTIC FLEET
Battleships (8)

Date of Launch Displacement
Tons

Alexander II '87 9,927
Nicolail '89 9,244
SissoiVeliky '94 8,880
Navarin '91 9,476
Alexander III (0) '01 "1

Kniaz Suvaroff (a) '02 „,„
Borodino (a) '01 f

ld
'
51b

Orel («) '02
J

Cruisers (7)

Adm. Nakhimoff '85 8,524
Vladimir Monomach -„. '82 5,593
Svyetlana '96 3,862
Adm. Karainloff '87 5,800
Rynda '85 3,508
01eg(<z) '03 6,750
Jemtchug(a) '03 3,000

(a) These ships were nearing completion when the war began.

Main Armament Speed Knot s

4 12-in., 12 6-in. 16

4 12. in., 6 6-in.

4 12-in., 8 6-in.

16
16

4 12-in., 12 6-in. 18

8 8-in., 10 6-in.,

5 6-in., 6 4.7 in.,

6 6-in.,

14 6-in.,

10 6 in.,

12 6-in.,

6 7-in.,

18
15
20
18
15
23
25

display of ships would be sufficient to

prevent war.

In consequence of the extraordinary

measures taken by the Russian author-

ities to add to the number of ships in

the Far East, they had in these waters
in the early part of 1904 a naval force

nominally equal to the whole fleet of

Japan, as may be seen from the table

on page 122. Japan, it is true, had an
advantage in armoured cruisers, but this

was counterbalanced by the fact that

Russia had seven battleships to oppose
the six possessed by Japan. In ships

of the line Russia consequently had an
apparent advantage, and on the estimate

most favourable to Japan it was con-
cluded that the odds were so evenly
matched that it was impossible to foresee

the outcome of hostilities.

The Japanese had no reserves which
they could bring forward in case of any

In addition, when war broke out there

was a Russian squadron passing through
the Suez Canal, commanded by Admiral
Wirenius, consisting of a new battleship,

an armoured cruiser, two small protected

cruisers, and seven torpedo craft. These
reinforcements were well on their way
from the Baltic when Japan suddenly
purchased two new cruisers building at

Genoa, hastily manned them with

scratch crews, and successfully ran the

gauntlet in the Mediterranean and the

Red Sea. The negotiations were con-

tinued by the Japanese until the very

hour that they received news that these

two important additions to the fleet had
left Singapore in safety and were about

to begin the last stage of their voyage
to Japan.

On the night prior to the sailing of

these ships, Admiral Togo, who for

some weeks past had been superintend-
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•LEETS OF BELLIGERENTS AT THE BEGINNING OF THE RUSSO-JAPANESE WAR

RUSSIA

Battleships (7)

Dis- Nomi-
place- nal
ment. Speed Heavy

Name Tons Knots Guns
Poltava

)
Petropavlovsk.... £ 10,960 17.3 4 12-in., 12 6-in.
Sevastepol )

pobtedk
et

: .::: f
13

-
674 19-° 4 10-in -> n 6 -in -

Retvizan 13,700 18.0 4 12-in., 12 6-in.

Tsarevitch 13,100 18.0 4 12-in., 12 6-in

Armoured Cruisers (4)

Gromoboi 12,365 20.0 4 8-in., 10 6-in.
Bayan 7,800 22.0 2 8-in., 8 6-in.

Rossia 12.200 20.0 4 8-in., 10 6-in.

Rurik 10,940 18.0 4 8-in., 16 6-in.

Protected Cruisers (7)

Bogatyr 6,750 23.0 12 6-in.
Askold 5,905 23.0 12 6-in.

Varyag 6,500 23.0 12 6-in.

piuada :::"f
6

'
630 20-° 8 6 -in -

Boyarin 3,200 25.0 6 4.7-in.

Novik 3,200 25.0 6 4.7-in.

Unprotected Cruisers and Despatch Vessels .. 8
Torpedo Boat Destroyers 24
Torpedo Boats. 12

Reinforcements en Route

Battleships

*Osliabia 12,674 19.0 4 10-in., 11 6-in.

Armoured Cruiser

Dmitri Don skoi... 5,893 16.5 6 6-in.

Protected Cruisers

Aurora 6,630 20 8 6-in.

Almaz 3,200 20 6 4.7 in.
Several torpedo craft.

* This vessel and her consorts were in the Red
Sea when war began, and after some delay were
ordered to return to the Baltic.

ing the mobilisation of the fleet and ex-

ercising it at sea, received orders to

prepare for war. He had the whole of

his fleet concentrated at Sasaho, the

southern dockyard of Japan. The night

was spent in conference with his officers,

and the following morning the fleet, di-

vided into four homogeneous squadrons,

steamed away from Japan. Within a

couple of days the Pacific squadron of

Russia had been so weakened that Ad-
miral Wirenius received orders to return

to the Baltic.

What of the Japanese Navy ? Down
to the outbreak of the war with China
the meaning of sea power was not ap-

preciated by even the most thoughtful

section of the civilian population. Japan
had existed for centuries as a military

power, glorying in the prowess of her

two-sworded land fighters, and the ex-

penditure which was made in construct-

ing even small ships and training neces-

JAPAN

Battleships (6)

Name

Dis-
place-
ment
Tons

Nomi-
nal

Speed
Knots

*Hatsuse
*Asahi
*Shikishima

)

*Mikasa 15
*Yashima
*Fuji

15,000

\ 12,300

Armoured Cri

18.0

18.0

Heavy
Guns

4 12-in., 14 6-in.

411-in., 14 6-in.

4 12-in., 10 6-in

*Tokiawa
*Asama ..

*Yakumo.
*Adzuma.
*Idzumo ..

*Iwate ....

9,436

[ 9,750

isers (6)

23.6 4 8-in., 14 6-in.

20.0 4 8-in., 12 6-in .

21.0 4 8-in., 12 6-in.

21.0 4 8-in., 14 6-in

Protected Cruisers (20)

*Takasagc.
*Kasag
Chitose
Itsukushima
Mashidate ..

Matsushima
Yoshino
Naniwa
Takachiho ..

Akitsushima
Niitaka.
Tsushima ...

Suma
Akashi
Chihaya 1,250
Chiyoda 2,450

Izumi 2,920

Say-Yen(captured
from the Chi-
nese) 2,264

Hi-yei (old) _ ) „.„
Kingo(old) f

^

4,300

j- 4,784

I 4'210

4,180

j- 3,727

3,150

\ 3,420

I 2,700

21.0 2 8-in., 10 4.7-in.

22.5 2 8-in., 10 4.7-in.

16.7 1 12.5-in ,11 4.7-in.

23.0 4 6

17.8

8 4.7-in.

8 6-in.

2 10.2-in., 6 6-in.
19.0 4 6-in., 6 4.7-in.

20.0 6 6-in.

20.0 2 6-in., 6 4.7 in.

21.0 2 4.7-in.
20.0 10 4.7-in.

"il7.'4
2 10-in., 6 4.7-in.

14.5 2 8.2-in., 1 6-in.

13.5 3 6.7-in., 6 6-in.

Unprotected Cruisers & Despatch Vessels, etc.
Torpedo Boat Destroyers
Torpedo Boats

* Ships completed since the war with China.

Reinforcements en Route

Armoured Cruisers

Kasuga
)

Nisshin )

20
1 10-in., 2 8-in.

14 6-in.

4 8 in., 14 6-in.

+ Purchased from Argentina when building in
Italy and reached Japan in safety.

sary naval officers and men was be-

grudged by the larger section of the

educated people of the Island Kingdom.
They asked continually " What is the

of a navy After the struggle

with China their eyes began to open to

the influence which sea power was to

have on their future history. In the

last five or six years this knowledge has
spread and developed without any arti-

ficial aid or propagandism such as has

been practised in Germany. The result

is that to-day the Japanese navy stands

in the forefront of the naval forces of the

world as one of the most scientific,
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cautious and courageous fighting bodies
in existence.

While taking advantage of all the in-

struction and guidance which could be
obtained from western nations, particu-

larly Great Britain, the Japanese evolved

a navy absolutely unique in its char-

acter. From the first they decided that,

while defensive qualities should have
due weight in the working-out of the

design of their ships, the first requisite

was heavy gun power, so as to inflict

the greatest damage upon the foe, and
the highest speed obtainable. Quick-
ness is one of the most striking char-

acteristics of the Japanese people, and
the fleet was developed in the belief that

this quality would enable the officers

and men to get in the first decisive

blows before an enemy was pre-

pared.

At a time when even in Great Britain

the role of a fleet in defending an island

kingdom was only inadequately under-
stood, the Japanese Navy Department
realised the fact that ships of war are

merely floating gun platforms, developed
in the history of ages of warfare in order
to enable guns to be carried to, and
fought on, the sea coasts of the enemy.
By this means the frontier of the foe

becomes the scene of hostilities, and
the country which the navy has been
designed to defend is left in enjoy-

ment of most of the advantages of

peace.

As may be seen from the tabulated

statement on page 122, the main units

of the Japanese navy were built since

the war with China, and, apart from
heavy gun power and thick armoured
protection, the feature of the ships which
is possibly most remarkable is the speed
attained. In every class of ship the

Japanese aimed to obtain a higher
rate of steaming than that of contem-
porary ships of each class in other
fleets.

The creators of the Japanese navy
realised two points, first, that speed had
a high tactical value in all classes of

men-of-war, since superior speed en-
ables the swifter vessel to accept or
avoid battle, and to fix the range; and,
secondly, that the Japanese, with their

peculiar mental quickness, were speci-

ally well equipped to avail themselves
of whatever advantage could be gained
in war by swift manceuvering.

The Japanese resources were limited,

and Japan might have been influenced by
a French school of thought, of which a

great deal was heard five or six years

ago, and might have decided not to in-

vest large sums in big armoured ships.

On the contrary, they spent upon large

armoured men-of-war more in propor-

tion to the total outlay than any other

fleet in the world. In addition to half

a dozen battleships, they had six

armoured cruisers of the most powerful

type built. Never before had such a

large proportion of the latter class of

men-of-war been embodied in a small

navy; but in this instance, as in others,

Japan was merely in advance of general

opinion.

Since these six armoured cruisers were
ordered the British Admiralty have put
in hand thirty-eight ships of the same
general character. At the time when
Japan embarked on this new policy the

British authorities were still building

ships without armoured belts,—pro-

tected cruisers. Japan decided that she

had no need and could not afford such
vessels, and for general scouting service

she acquired twenty quite small cruisers

and nine despatch boats. Speed was
the watchword of the Japanese fleet, and
all her ships, big and small, were swift.

In the design of scouting ships, speed
had the first place.

Admiral Ingles, who for several years

was naval adviser to the Japanese Gov-
ernment, has stated that soon after he
settled at Tokio he realised the character

of the people and advised the Minister

of Marine to develop in every way he
could the torpedo flotillas, because they

represented a sphere of warfare spe-

cially suited to the genius of the young
Japanese officer, small in build and wiry,

quick of mind, and able to exist in cir-

cumstances which injuriously affect

Europeans. Out of proportion to the

number of other ships, the Japanese
created a great number of torpedo craft,

—created is hardly the word, for prac-

tically all the ships, big and small, were
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built in Great Britain, but Japan chose
the types.

The Japanese saw that torpedo war-
fare was merely an adaptation of an old

form of attack, namely, those cutting-

out expeditions which form the most
stirring pages in the history of the Brit-

ish fleet. They determined that they
must have a large number of torpedo
craft, and built nineteen torpedo-boat

destroyers, ships of the same build as

those British boats which came to grief

a few years ago, and they also built

eighty-two torpedo-boats. While fif-

teen of the latter ranged from 150 to

200 tons displacement, forty were of

only 80 to 109 tons displacement each,

and the remainder were even smaller.

Europeans, accustomed to large ships,

and forgetlul of the size of the little craft

in which Drake, Raleigh, Hawkins and
others fought the elements, and unmind-
ful of the cockle-shells in which the

Danes roamed the seas and raided Brit-

ish shores, would have condemned these

small craft for anything but the most
limited coast defence. Believing in the

genius of those who were to have charge
of these gingerbread ships, the Naval
Department at Tokio was satisfied with
the character of its torpedo ships, so

long as they were swift.

What has been the experience of

war ? The battleships and cruisers were
split up by Admiral Togo into four

squadrons, and the torpedo craft into a

large number of flotillas, fourteen or fif-

teen in all, each with four or five units,

grouped according to speed and radius

of action. Contrary to all the advice

which European officers would have
given, Admiral Togo took with him,

when he set out for Port Arthur, a

crowd of flimsy torpedo-boats. Such
small men-of-war are cheap anywhere,
and lives do not count for much in

Japan. Wallowing in the waves, these

little ships were taken away from the

coast in the track of the fleet of great

ships. Of course, such torpedo-boats
carry only sufficient coal to steam for a

comparatively short distance, and they
soon show signs of weakness if kept at

sea for long periods. _i

The secret which underlay the decis-

ion of Admiral Togo to employ these

little ships was that he had already

selected among the Elliot Islands, to

the southeast of Port Arthur, two '

' fly-

ing bases
'

'
; the advanced base was de-

voted to the mosquito ships. The days

of close blockade are probably gone for-

ever, owing to the influence of torpedo

craft; but Admiral Togo was able to

keep Port Arthur under close observa-

tion by means of his little mosquito ves-

sels at this advanced base, ready at

shortest notice to send warning to the

commander-in-chief, at the second and
more distant base, of any occurrence of

importance at the Russian fortress.

It was the depth of winter, the ther-

mometer so low,—there were 20 degrees

of frost when the attack of April 12,

1904, was made,—that at places even
the sea itself was fast frozen when these

delicate craft, built on the slenderest

lines, were detailed for this duty, ex-

tremely trying even in summer. Japa-

nese officers and men are far less sus-

ceptible to cold than Europeans, and by
working their boats in reliefs they man-
aged to carry out the arduous task en-

trusted to them. It is the first time in

the history of warfare that little torpedo

craft, ships of less than a hundred tons

displacement, have been used for offen-

sive operations. It was admitted in

older navies that they might prove of

service for harbour defence, but the

Japanese have utilised them 500 miles

from the nearest dockyard. From time

to time, as necessity has dictated, they

have been able to have repairs carried

out in the sheltered waters of the flying

base.

Fortunately, the Japanese,—again

showing their foresight and wisdom,—
had provided the fleet with two '

' mother
ships

'

' for destroyers, vessels with tools

for all kinds for repairs not necessitating

docking, stores of every description,

fuel and food, so that the small craft

were revictualled, repaired and stored

as necessity demanded. At the other

flying base other ships for the service

of the fleet were stationed. No fleet in

the world, in proportion to its size, is as

well provided with auxiliaries as that of

Japan. Directly war began, four hospital
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ships, the Saikyo, Kobe, Hakuai and
Kosai, completely fitted for the treat-

ment of the sick and wounded and their

conveyance to one of the shore hospitals

;

a cable ship for picking up and cutting

submarine cables; colliers, and store

ships were ready to accompany the fleet.

When America went to war against

Spain she had to hurriedly improvise

these most necessary auxiliaries to the

fleet, and this took some time. Japan
had not only these antennae prepared

for the opening of hostilities, but she had
equipped a number of her ships with

wireless telegraphy, so that she was able

to link up the various sections of her

fleet and obtain a unity of action to the

one end, the defeat of the enemy, which
would have been unobtainable other-

wise.

In the method in which she has em-
ployed torpedo craft of the smallest size

and lightest build, and in the complete-

ness of her equipment of auxiliary ves-

sels, Japan has supplied the world with

a remarkable object lesson of the way in

which, in these days of surgical triumph,

mechanical ingenuity and scientific de-

velopment, a nation should go into ac-

tion. Her completeness in these re-

spects has never been approached, and
she has had her reward in the marvellous

efficiency maintained by her ships,

especially the torpedo craft; in the man-
ner in which the wounded have been
rapidly treated and removed to hospital,

and the smoothness in which the whole
scheme of naval operations has been
carried out. Every joint in the armour
of defence was studied with patient, in-

telligent care, and made as secure as

foresight and a patriotism, amounting to

fanaticism, could make it.

In the early days of the war the state-

ment of those who knew the Japanese
people, that they had inventive genius

of a high order, was not believed, so

repeatedly had Europe been assured by
casual and superficial observers that they

were imitators. When war came it was
discovered that they used a powder of

extraordinary power, the invention of

Dr. Shitose; that a special system of

wireless telegraphy, invented by a com-
mission representing Tokio University

and the Navy and Army, had been in-

stalled in the fleet; that the mines with

which the Russian flagship Petropav-

lovsk was sunk with practically all on
board, including Admiral Makharoff,

and the battleship Pobieda was badly

injured, were of special construction,

over the details of which Commander
Oda, whose name it bears, and a num-
ber of other officers had spent a long

time; that the boilers of the water-tube

type in some of the ships were the in-

vention of Admiral Miyahara ; that they

used a percussion cap, the invention of

Admiral Ijuin; and that the torpedoes

which were being employed with such

deadly effect by the Japanese ships were
of a more powerful character than those

adopted in western navies.

All the details of the fighting machine
which had been created at such great

sacrifice had been reviewed, point by
point, in the endeavour to perfect its

equipment and improve its efficiency.

We have learnt to admire the thorough-
ness of the Germans; but nothing that

we know; of their readiness and war
training equals the standard of prepared-

ness for war which the Japanese evolved,

working on lines they believed fitted to

the peculiar mental bent of their popu-
lation.

The British and American method of

going to war is to hope for the best, to

keep a tight hold of the purse strings

until hostilities have actually broken
out, and then to pour out money like

water in the hope of retrieving the errors

due to lack of previous preparation.

The result is that waste of all kinds oc-

curs. We may take a lesson from the

Japanese in this matter. For six or

seven years they were preparing for this

war, for they realised that they were
being '

' cornered
'

' by Russia, and that

if a struggle came, it would be a life-

and-death grapple so far as Japan was
concerned, and that defeat meant the

doom of all hopes of future greatness

and expansion under the national flag

for the teeming millions of Japan. On
the slenderest resources they created the

army and navy which are fighting to-

day. The total expenditure on these

forces was only 7% millions sterling last
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year; Russia in the same period spent

over 48 millions.

There is no corruption in Japan. The
departments of war are the sport of

neither dishonest officials nor grasping

contractors. For every yen which was
invested in war materials the Japanese
insisted upon having full value. In the

preparations during those years when
white people all the world over were
talking, with many smiles, of

'

' the little

Japs,
'

' these people were preparing an
object lesson in war-like efficiency which
has had no parallel in modern times.

They spent grudgingly, for they
realised that the more they laid out be-

yond what was absolutely essential, the

more the financial resources of the coun-
try would be exhausted when the strug-

gle came. The statesmen determined
to put no grievous burdens on the peo-
ple, so that when the crisis developed
and money was required for a long
campaign they should be in a position

to get it at home. When negotiations

were broken off and hostilities began,

the nation was prosperous, far more so

than were our forefathers when the wars
of the early years of the nineteenth

century began, and all the money that

has been required since has been ob-
tained within the Island Kingdom.
Ten millions sterling were raised in

London and New York for special rea-

sons. The people believe in their des-

tiny, and consequently have advanced
money on better terms than could have
been obtained abroad. The financial

resources of Japan, backed up by the

patriotism of the people, have been
among the surprises of the war.

If European officers had known the

character of the orders issued to Admiral
Togo by the Naval Board of Control,

presided over by Admiral Baron Ito,

they would hardly have failed to regard
them with amazement. It was essential

that he should achieve two apparently
conflicting objects. He was told that

he must destroy the Russian fleet in the
Pacific, or at least

'

' contain
'

' it, in

order to enable transports to move freely

to Korea, and to prevent it from co-oper-

ating with reinforcements from Europe;
but, at the same time, he must, he was

also informed, on no account endanger
his ships, since Japan had no reserves

on which she could draw.

Such orders seem to be paralleled by
instructions to a cook to make an
omelette without breaking eggs. Ad-
miral Togo, however, succeeded in

carrying out his orders to the letter,

owing to the fact that he was placed in

possession of complete knowledge of the

disposition, efficiency, and character of

the units composing the Russian squad-

ron, and because he adopted the only

correct principle of strategy which such
knowledge could dictate. His informa-

tion convinced him that Russia was un-

prepared for war and did not, even to

the last, expect war.

For several days the main squadron
at Port Arthur had been cruising for

short distances and anchoring at night

in the open roadstead under the Golden
Hill batteries. The entrance to the

harbour being difficult, tortuous, and
dangerous for big ships, Admiral Stark

had been content to leave them in this

position night after night. A cruiser,

a gunboat, and a transport were at

Chemulpo, while three armoured cruis-

ers and a protected ship of great speed
lay in Vladivostok harbour, with a chan-

nel cut through the ice to enable them
to go to sea at any moment. A small

gunboat was at Shanghai. The dis-

tance from Sasaho Dockyard to Vladi-

vostok on the one hand, and Port

Arthur on the other, is between 500
and 600 miles, the northern base being

comparatively close to the shores of the

Japanese Island of Yesso.

Admiral Togo might have decided to

divide his forces so as to provide a

superior fleet to watch the ships at

Vladivostok, while he himself engaged
the Port Arthur squadron ; in that event,

owing to the limited number of ships at

his disposal, he would have been in in-

ferior force at one or the other point,

and the probability is that the whole
course of the war would have been
changed.

It was realised that the Vladivostok
ships might issue forth and raid some
of the coast towns of Japan, and it was
also realised that, apart from the ques-
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tionable right of belligerents to fire upon
undefended places, such an operation

could not affect the main results of the

war; sooner or later such raiders would
be caught, as indeed proved to be the

case. Consequently the whole Japanese

fleet, attended by a crowd of torpedo

craft, steamed away from Japan, leaving

the islands without any local defence.

At this date a strict censorship of the

press had been established, and even if

the population of the coast towns had
protested they would have had no chan-

nel for complaint, while at the same time

the cables were in the hands of the

Naval Department, and no news of the

direction taken by the fleet could con-

sequently reach the Vladivostok ships

to inform them of the unprotected state

of Northern Japan.

The situation recalls the events which
occurred when the United States de-

clared war upon Spain in 1898. Ad-
miral Cervera had a squadron in the

Atlantic which was supposed to be off

Cape Verde Islands. A cry was imme-
diately raised that these ships might
appear off the American towns on the

Atlantic coast. Nervous people were
able to give expression to all their fore-

bodings in the press, with the result that

before a blow had been struck those who
were responsible for the disposition of

the squadrons of the United States were
face to face with an agitation which in a

democratic country demanded attention.

Captain Mahan has stigmatised the

outcry as " unworthy of men, unmeas-
ured, irreflective, and therefore irra-

tional." It could not be ignored, and
consequently the plans of the Strategy

Board had to be amended in order that

a portion of the naval strength might
be stationed off the American coast.

Had the Spanish Navy been other than

it was, the ability of the United States

to inflict defeat would have been jeopar-

dised.

The danger to the United States of

coast raiding by the Spaniards was far

less than in the case of Japan, because

at the time these fears were expressed

there was no squadron close to the

American continent, while in the case

of the present war Admiral Togo knew

that the powerful ships at Vladivostok
were within a few hours' steaming of

Hakodate and other places on the coast.

Nevertheless, he took all his ships into

the Yellow Sea, and not until he had
crippled the Port Arthur squadron and
sunk the ships at Chemulpo, thus par-

alysing Russia's sea-arms in the Far
East, in the Red Sea, and in the Baltic,

did he send any men-of-war to search

out the cruisers at Vladivostok. The
Russians had left their navy in a condi-

tion to be defeated in detail, and Ad-
miral Togo did not risk his success by
imitating their example with the idea of

saving a few towns on the coast from

the problematical injury due to bom-
bardment.

In the first forty- eight hours of the

war, apart from the ships at Chemulpo,
which the Russians sank rather than let

them fall into the hands of the Japanese,

two battleships and a cruiser had been

torpedoed and rendered useless for

further fighting at sea, and later on the

battleship Petropavlovsk was sunk and
the battleship Pobieda injured by sub-

marine mines. On the other side,

Japan, later on, lost, by mines, the bat-

tleship Hatsuse, and the cruiser Yoshino

in collision. All the vital injury which
ships of either belligerent suffered in

these early engagements was due to high

explosives, used in torpedo or mine.

The weapons are so similar that in the

Russian dispatches the same word
'

' minna '

' has been used for both indis-

criminately. Two points in connection

with these events deserve attention.

The loss of the Hatsuse, representing

one-sixth of the battleship strength of

Japan, had it occurred in the first week
of the war, might have altered the whole

course of events. It happened after the

Japanese had completely reduced the

Russian fleet to impotence. The Japa-

nese fleet had already done the main
part of its work, and Russia had been

so weakened that she could not take

advantage of the improvement in the

fighting equation thus brought about.

Had the fatal mines pierced the Hatsuse

in the early days of February, the Japa-

nese would have been weakened for the

.work that still lay ahead, for they had
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no ships in reserve to be manned and
sent to sea.

The destruction of the Japanese bat-

tleships may be commended to those

who are now urging that the British and
American naval authorities are building

too many battleships. This incident

serves to illustrate why Lord Selborne

insists that the British fleet must be
superior to that of any two European
powers, " with a margin over." This

margin is to provide for such unforeseen

disasters as may occur at any time dur-

ing hostilities when ships run on mines

or collide, as in the case of the Kasuga
and Yoshina. If Great Britain main-

tained only a bare superiority over a

possible coalition, what would be the

position of the fleet if it were robbed of

one or two battleships, which would
render it inferior to the forces of the

enemy ? It would be too late to lay

down additional men of-war. Great

Britain must have a fleet superior to any
probable combination, with "the margin
over

'

' to provide against accidents,

since the Navy is her all in all.

But the main lesson which some ob-

servers have drawn from the destruction

which has overtaken these ships by the

action of the torpedo and the mine is

that the battleship has been rendered

obsolete. This view has been put for-

ward by Senator Hale, chairman of the

Naval Committee of the American
Senate.

Such opinions arise from an inaccu-

rate comprehension of the manner in

which the Japanese have waged this

war. It is true that the success of the

Japanese and the fate of the Hatsuse
have revealed in a lurid light the ease

with which even the most powerful ships

may be destroyed, under favourable cir-

cumstances. There is no gainsaying

the vulnerability of the battleship to tor-

pedo and mine attack; but this is not

new. Late events have merely served

to drive home in a dramatic way facts

which were familiar before the disasters

off Port Arthur.

Big ships cannot safely be left in an
open roadstead by night, but must be
kept either at sea, continually moving,
or must rest behind breakwaters, boom

defences, or other protecting screen.

The initial success of the Japanese with

the torpedo was due to the fact that

they were on the spot with the weapon
exactly suited to the opportunity given

to them on the night of February 8 by
Admiral Stark in leaving his ships open
to attack in the outer roadstead of Port

Arthur. Had they left their torpedo
craft at home for coast defence purposes

and not carried them these 500 miles to

the enemy's very door, the story of the

war might have been very different.

If the ships at Port Arthur had been
manned by crews of the same calibre as

the Japanese, the ships would not have
been in a position of danger that night,

and in subsequent days the fleet would
have issued forth, and the enemy's tor-

pedo craft would have had their work
cut out in avoiding big ships under
steam, and would have been too busy
to try to launch torpedoes against a

moving and well-disposed fleet. In
" the blue," torpedo craft have little

chance by daylight against a fleet under
steam.

After that one night attack the

strength of the Russian fleet was so

greatly reduced that they could not

venture to cruise far from their base,

not because of the menace of the torpedo

craft, but because of the menace of the

big ships,—battleships and cruisers,

—

which they knew to be hovering near in

such immensely superior power that

they could not hope to secure victory

as the result of a fleet action. Admiral
Togo held the command of the seas be-

cause he had intact his fleet of heavily

armoured and gunned ships; but he
could never have gained that command
merely with torpedo craft,—ships which
are the children of the big ships, need-

ing to be fed, nursed, and supported

and rested.

In many of the Japanese despatches

this realisation of the proper method of

employing torpedo craft is revealed.

The torpedo vessels advanced to make
their attack, but always the big ships

were behind, first coming the light,

swift cruisers, and further away, ready

to render aid if need be, were the bat-

tleships. On no occasion, so far as we
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have details of the fights, did the tor-

pedo craft advance unsupported.
The battleship is now, and, so far as

can be seen at present, must remain, the

essential unit in naval warfare, and with-

out it no country can hope to secure

command of the sea. It is not an arbi-

trary creation, but a development to

meet the needs of warfare as they have
been discovered during many hundred
years of sea fighting. It was found that

it was impossible to get all the desirable

fighting power in each individual ship;

that for some work speed was essential,

and that could be obtained only in light

ships, and that with less speed heavier

guns could be mounted. In this fash-

ion navies became divided into two great

classes, ships of the line and frigates,

corresponding to the battleships and
cruisers of to-day. What the fire-ship

and other like devices were to the big

ships of the sail era, the torpedo craft is

to their successors.

The modern battleship may never fire

her guns at the ships of her opponents,

but the knowledge of her presence is

the force which must keep a weaker op-
ponent inactive. Even in a fleet action

the small craft would be held in reserve

until the right moment came for them
to dash forward,—it may be under the

very guns of shore batteries, for they
are small and difficult to hit,—and de-

liver their deadly weapons. Such a

rush is one of the possible uses of tor-

pedo craft in the later stages of a fleet

action. When one side has obtained

some advantage, and the ships and
morale of the foe have suffered and dis-

order reigns, the mosquito craft might
be ordered to go into the midst of the

decimated fleet and complete its de-

struction.

When the history of the war in the

Far East comes to be written, the ver-

dict will be that the Russians lost the

command by their unpreparedness for

war, and that the Japanese gained it,

not by the torpedo per se,—for the Rus-
sians had torpedo-boats and destroyers,

—but because the Japanese admiral was
on the spot at the exact moment when
an opportunity occurred of using his

mosquito ships with advantage, and he

2-4

took it, remaining himself over the dip

of the horizon with his big ships, and
with a screen of fast cruisers thrown out

in front of his priceless ironclads,—price-

less because incapable of being replaced.

But although the success of the Japa-

nese has not shown the unwisdom of

building battleships, it may lead to some
question as to desirability of continuing

to build battleships of such immense size

as those which are now being con-

structed for the great powers. Japan
has lately ordered in Great Britain two
ships of upwards of 16,000 tons, while

the British fleet has eight under con-

struction.

The facts as stated by Senator Hale
are beyond denial; the battleship is lia-

ble to be destroyed by torpedoes or

mines under circumstances favourable

to this form of attack. Consequently,

the larger the battleships and cruisers,

the greater the disaster when one or

more meets the fate of the Petropavlovsk

and the Hatsuse. Big ships are eco-

nomical to build and to maintain; for

their size, torpedo craft are the most
expensive men-of-war afloat,—expen-

sive to build and expensive to maintain.

For these and other reasons the tend-

ency is always towards greater size.

Commander Kelley, of the United States

Navy, in a discussion on the develop-

ment of the ship of the line in the old

sailing days, has remarked:

—

" With the great number of vessels

gathered in the fleets of the sail era the

single-line formation was sure to prove

too extended for easy handling, notably

in a shift of wind, when miles of sea

room separated the van and rear. To
escape the dilemma, the line was kept
handy and navigable by decreasing the

number and increasing the size and
power of individual ships. Hulls grew
in dimension, solidity and strength ; bat-

teries lifted in frowning tiers; masts

towered and yards spread until at last

the fleet included ships mounting as

many as 120 guns of various classes.

These maximum displacements proved
soon to be too cumbersome for vessels

driven by the wind, and, therefore, im-

potent in calms or against currents and
tide streams. A reaction set in, and
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nimbler types, smaller in size and with

guns fewer in number, but greater in

energy, were accepted as the tactical

solution of a desperate game. By Nel-

son's time the crack fighter was found
in the 74-gun ships of the line."

It is not improbable that somewhat
the same reasoning, allied with the fear

of " putting too many eggs in one
basket," may lead to a limitation in the

size of battleships and cruisers.

By the time one of the new battleships

of the British fleet of the King Edward
VII class of 16,350 tons each is com-
missioned and at sea with one of the

permanent squadrons, she will have cost

a million and a half sterling, and it may
well be held that so great a sum is too

much to place at the mercy of a lucky

torpedo striking her in the region of the

forward magazines. No nation can

have many of such monsters, and con-

sequently by investing so much of fight-

ing capital in one hull and limiting the

number most seriously, the loss of one
of the fighting units would become a

national disaster, instead of being an
untoward incident unlikely to have any
sinister influence on the power of a great

nation, were the vessel of moderate di-

mensions and one of a large number.
No country can avoid building battle-

ships; it is the truest economy to build

them big, because only thus can we get

good value for our money; but in view
of the vulnerability of all big ships, it

would seem that there is a point at which
the increase in size becomes a wrong
and foolish policy. In connection with

this subject the views of Sir Edward
Reed, a former Director of Britisn Naval
Construction, and the designer of the

battleships Triumph and Swiftsure, of

12,000 tons, lately added by purchase

from Chili to the British fleet, are of

special interest. He is a naval architect

of recognised ability and the highest

standing, and he believes that the case

for huge ships has not been proved.

Discussing the qualities of his two
wonderful men-of-war in comparison

with other larger ships of the fleet, he
instituted recently some comparisons

which may be recalled with advantage

in a discussion of the virtues of modern

displacements. Writing in the Times,

of London, of the battleship King Ed-
ward VII, of 16,350 tons, and the bat-

tleship Prince of Wales, of 15,000 tons,

he said:

—

" I find the broadside power of the

King Edward VII to be substantially,

but not very largely, superior to the

broadside power of the Triumph, while

the latter greatly exceeds in broadside

power the Prince of Wales. Whether
I work downwards in tonnage from the

King Edward VII or upwards from the

Prince of Wales, I find that a ship of

about 16,000 tons, designed as the Ad-
miralty ships have been, would be re-

quisite for carrying a broadside equiva-

lent to that of the Triumph.' Taking
the estimated cost of the two govern-

ment ships as bases of comparison, it

will be found that this 1 6,000-ton ship

would cost, without armament, about

,£1,250,000.
" In the same estimates are given the

cost of the Triumph, without armament,
as ,£839,990, or a difference of about
£"410,000. In a return just presented

to Parliament the tonnage of battleships

building this year for our government is

given at 184,400 tons, so that, if all this

tonnage had been built approximately
of the Triumph type, we should be
sending the same broadside power to

sea on ships of even greater speed than

those building, and with an aggregate

saving of ,£4,725,000 upon our battle-

ships alone.
" We are building rather a larger

tonnage of cruisers than of battleships

this year, and without going into details

I believe that the saving, broadside

power for broadside power, would have
been equal in the case of the cruisers to

that of the battleships; so that, in my
view, we are spending about 9^ millions

more upon the ships now building than

we need have spent if the ships had been
kept within what I regard as proper

limits. At a moment when we are all

seeking naval and military economy
without loss of power, I cannot help

thinking that this question well deserves

the consideration of the Admiralty as

regards the future design of ships."

In these words Sir Edward Reed,
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trained from earliest years in Admiralty
methods, suggests that we may have
powerful ships, as powerful as those of

16,350 tons, on a displacement over

4000 tons less. The Japanese were told

this when they were creating their navy,

and they accepted the statements, with

the result that the ships with which they

have been fighting so well of late may
be claimed to be representative of the

class of man-of-war in which Sir Edward
Reed believes,—the man-of-war with all

but essential weights eliminated. So
far as evidence is available, it is in favour

of the type of battleship represented by
the Triumph and Swiftsure, ships of

great speed and gun power and good
defence on a moderate displacement.

Even the pocket of the British taxpayer
is not unlimited, and if an economy of

the character indicated by Sir Edward
Reed, and supported by many experi-

enced naval officers, is possible, it will

result in great saving, and will also en-

able Great Britain to have more of these

floating forts which we call battleships.

The position of the battleship has not

been affected by the disasters off Port
Arthur. The loss and disablement of

the Russian ships has served merely to

illustrate the truth that, under favour-

able circumstances, the torpedo and the

mine are deadly weapons of warfare; but
they are the weapons of opportunity,

and the gun remains the weapon for

general use. Guns of high power can
be sent to sea only in big ships, so we
must have big, but not too big, battle-

ships.

In general, the result of the Japanese
naval operations reveals the old truth

that the mere possession of ships of the
most powerful types, such as Russia
possessed, does not mean naval power.
In spite of all the assistance which
science has rendered in perfecting weap-
ons of attack and in improving the mode
of defence by armour protection and

high speed, the character of the per-

sonnel,—admiral, officers, and men,

—

and their war efficiency, are the deciding
factors in warfare. The Japanese ex-

hibited this dominating fact in their

contest of ten years ago against China;

now they have illustrated it in an even
more striking manner by crushing the

Russian fleet in the Far East. In war-
fare the man is greater than his weapon.
President Roosevelt put the matter well

when he wrote, a few years ago:

—

" There is unquestionably a great

difference in fighting capacity, as there

is a great difference in intelligence, be-

tween certain races. But there are a

number of races, each of which is intel-

ligent, each of which has the fighting

edge. Among these races the victory

in any contest will go to the man or

nation that has earned it by thorough
preparation. This preparation was ab-

solutely necessary in the day of sailing-

ships; but the need of it is even greater

now, if it be intended to get full benefit

from the delicate and complicated

mechanism of the formidable war-

engines of the present day. The offi-

cers must spend many years, and the

men not a few, in unwearied and intel-

ligent training, before they are fit to do
all that is possible with themselves and
their weapons. Those who do this,

whether they be Americans or British,

Frenchmen, Germans, or Russians, will

win the victory over those who do not.

When the day of battle comes, the dif-

ference of race will be found as nothing

when compared with differences in thor-

ough and practical training in ad-

vance.
'

'

The Japanese have proved afloat as

well as ashore that they have the fight-

ing edge. The racial factors,—indiffer-

ence to death, simplicity of life, the high

courage of fanatical patriotism,—have
all helped; but, above all, their success

spells " War- readiness."



MODERN PLANERS

By Joseph Horner

THE planing machine followed the

lathe in the evolution of engi-

neer's machine tools, and be-

came the precursor of the shaper and
slotter. From about 1814 to 1820 it

appears to have been simultaneously in-

vented by four men,—Fox, of Derby;
Murray, of Leeds; Roberts, of Man-
chester; and Clement, of London, Eng-
land. It is interesting to note that the

last named machine was double-cutting

on the forward and reverse movements
of the table, and it embodies the germ
of the planer centre. Roberts' machine
was operated by a chain and rack.

Vertical planing machines were used in

the old Soho Foundry, Birmingham,
England.

Rudely constructed though these

earlier machines were, by comparison
with their present-day descendants, yet
they marked an immense advance on
the lathe, chisel, and file as means for

producing plane surfaces. The inven-

tion of these reciprocating machines
produced probably a greater revolution

in the millwrights' shops of that period
than all the improvements in their de-

rived types have accomplished since.

Even within living memory the tradi-

tions of that earlier period survived, for

a tremendous amount of hand chipping
and filing had been done in the old

shops but imperfectly equipped with
planers, or destitute of planers of large

capacity. Those who are able to recall

that work, tedious and blistering to the

hands, can realise something of the con-
dition of things that existed in the pre-

planer days.

Then for many years the planer be-

came crystallised in set designs, which
still survive in unprogressive shops. It

embodied the ratchet and click feed,

with its limitations, the return stroke of

two, two and a half, or sometimes three

132

to one, and these, it must be remem-
bered, over slow cutting speeds; the ill

designed housings and cross rails, the

broad, slowly-moving belts and slow re-

versals,—with a swish that was heard

all over the shop,—the small rack pin-

ion and the rattle of the rack and spur
gears. Planers received a bad reputa-

tion in consequence, and then came the

opportunity of the milling machines.

Latterly planers, however, have taken

a new lease of life. When the rapid

growth of the milling machine began,

many people predicted that the planer

would fall nearly into disuse; but what
has happened is that it has enlarged its

sphere of usefulness. True, the old

styles of planers are disappearing; but

the principle of the machine is far too

valuable to permit of its extinction.

Planers to-day are as much in evidence

as ever, not indeed the old ones, but
their modernised and much improved
offspring. These improvements occur

both in details and in the growth of new
types, or of types which, if not exactly

new, have been lying neglected for a

long period.

Modern planers may be considered as

sub-types of the two broad groups into

which the machine, sui generis, is di-

vided. These are, first, the common
machine, in which the work is traversed

horizontally under a tool which is rigid

during the act of cutting, and is fed at

the intervals at the end of the stroke,

during non-cutting, in connection with

the act of reversal. This type has been

a source of much trouble, due to the

frequent reversal of a heavy table carry-

ing massive work, and to the fact that

the tool cuts only on one traverse, the

return stroke being wasted.

The second large group is that in

which the tool moves while the work
remains stationary. An important point
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-PLANING MACHINE. MADE BY MESSRS. C. REDMAN & SONS, HALIFAX, ENGLAND

in favour of this is, that the mass moved
remains constant, for when the work
moves, the mass varies with every job,

from a few hundredweights to many
tons. In most cases this arrangement
is adopted when it is practically un-

avoidable, by reason of the massive

character of the work.

In a plate edge planer, for example,

the overhang of the long and wide plates

would be exceedingly inconvenient, and,

therefore, it is almost necessary to

traverse the tool box, or boxes. In the

vertical planers and the pit planers the

problem is that of mass, more often than

great length and width, or both may
be combined. In the side planers it

may or may not be a simple alternative,

but just as a matter of convenience.

The old trouble of the reversal of

common planing machine tables with

fixed tool boxes on a cross rail has given

rise to diverse designs. One is the ac-

celeration of the quick return stroke,

the other, the reversible tool boxes for

cutting in both directions; a third, sepa-

rate tool boxes for cutting in both
strokes. In the two last the rate of

travel is alike in both strokes.

The experiments of Captain Tresidder

at the Atlas Works, Sheffield, England,
showed that while the power absorbed

in the return stroke of planers was prac-

tically the same as that during cutting,

the power absorbed at the instant of re-

versal ranged from about double to

treble those amounts.

Thus, in one experiment with a screw-

driven planer, the cutting absorbed 7*4

H. P., the return 12 H. P., and the re-

versals from 22^ to 24 H. P. In one
of the experiments at the Baldwin Loco-
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motive Works, a planer absorbed 47
H. P. at the moment of reversal, against

23 H. P. when taking a cut $4 inch

deep by % mc^ wide. At the same
time a new tool with quick return of 4
to 1 only took ,18 H. P. at reversals

and 21 H. P. with the same cut as

above. No more striking testimony

could be afforded of the necessity for

improved methods in view of the high

speeds now in demand. Among the

difficulties which it opens up is that of

motor shaft, spring buffers at the end of

the table or in the driving nut of screw
machines or elsewhere, or a fly-wheel

in connection with the fast and loose

pulleys. The fly-wheel as a storehouse

of energy is essential in punching and
shearing machines and in some shaping
and slotting machines. It has been ap-

plied in some cases to planers with suc-

cess.

One example of this kind occurs in

the high-speed planers of Bateman's

-DOUBLE-BELT PLANING MACHINE. MADE BY MESSRS. POLLOCK & MACNAB, LTD.,

MANCHESTER, ENGLAND

motor driving in the face of such over-

loads.

In improved machines, reversing and
cushioning arrangements appear to pro-

duce better results, irrespective of mode
of driving, since some high- speeded
machines give excellent results with

stepped racks and cushioning arrange-

ments, equally with the Sellers inclined

screw and rack drive.-

Among the devices which have been
attempted is that of a fly-wheel on the

Machine Tool Company, Ltd., notable

because the quick return ranges from

170 feet to 210 feet a minute. Here
the rack is retained, but instead of bolt-

ing it to the table, it is attached to a

sliding bar which has a limited longi-

tudinal movement in a groove on the

under side of the table. Spindles are

attached to a crosshead at one end of

the bar, carrying adjustable compression

springs, which absorb the shocks due to

reversal. The springs also help to start
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FIG. 4.—A PLANER WITH CUSHION DRIVE FOR EFFECTING REVERSAL AND RETURN EASILY AT
HIGH SPEEDS. MADE BY MESSRS. SMITH & COVENTRY, LTD., MANCHESTER, ENGLAND

the table on reversal, and so relieve the

belts of some strain. An illustration of

a Bateman Company planer is given

in Fig. 1.

By means of " fly-wheel loose pul-

leys," energy is held in store for rever-

sal. The belts are wider than the fixed

pulleys, and overlap on the fly-wheel

pulleys when thrown off. By this means
much of the energy of the fly-wheel is

transmitted to the fast pulley. Friction

clutches actuated by the belt shifting

arrangements also assist the fast pulleys

to obtain energy conserved in the fly-

wheel loose pulleys. It will readily be
seen that planers working at these

high speeds will be capable of a much
increased output compared with the

older types, and this firm advertise their

60" X 60" machines to plane an area

of 25 square feet per tool per hour.

In a planing machine by Smith &
Coventry, Ltd., Manchester, England,
a cushioning spring is inserted on the

table-driving shaft, pressing against one
of a pair of clutches having sloping teeth,

which, therefore, slide on each other as in

Fig. 4. The compression of the spring

by the inertia resistance offered to the

reversal of the shaft, absorbs some por-

tion of the energy of that resistance,

which is given off on the reversal.

With increase in speed, the diffi-

culties of reverse and cushioning in-

crease also. From this point of view
the double cutting systems acquire new
interest.

Double cutting tool boxes have been
designed from the time when the " Jim
Crow '

' or rotating box was invented

by Whitworth. There are a good many
tool boxes of different patterns in which
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double cutting is embodied, but their

employment is still rather limited. A
relieving attachment is necessary to

their full efficiency.

It is also most desirable that feed

shall be put on at each end of the table,

in order to let each tool cut its own
separate furrow. The object sought
may be attained either by the rotation

of a single tool, with its box, as in the

first model, or by the employment of

two, set back to back, or by a double-
edged rocking tool.

The alternative to reversing tool

boxes is to have separate boxes attached

to separate heads, so making a double-

headed machine, in which case the table

travels at equal rates in both directions.

Here two heads may be cutting alterna-

tively on the same, or on different pieces

of work, the latter being bolted to a

slide bed at one side. The heads are

FIG. 5.—AN ELECTRICALLY DRIVEN PLANING MACHINE. MADE BY MESSRS. J. ARCHDALE & CO., LTD.,

BIRMINGHAM, ENGLAND
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FIG. 6.—A PLANING MACHINE WITH THREE DOUBLE-CUTTING TOOL BOXES.

JOSHUA, BUCKTON & CO., LTD., LEEDS, ENGLAND
MADE BY MESSRS

FIG. 7.—AN ENLARGED VIEW OF ONE OF
THE DOUBLE-CUTTING TOOL BOXES

ON THE ABOVE PLANER

screw- driven, and are rigidly connected.

These are not serious rivals to the

double-cutting tool boxes, because they

can only operate on one vertical face

without resetting the work, while com-
pletely equipped ordinary machines will

cover three faces. They are simply

duplex, vertical side planers, rivals to

the single cutting planers of pillar type.

In other directions duplex cutting is

employed rather extensively, less, how-
ever, for general work than for special-

ties. In one group of machines the

work table travels under fixed tool

heads, which possess a range of adjust-

ment towards and from each other to

accommodate different lengths of work.

The housings slide against the planed

vertical faces of the bed, and when ad-

justed are clamped thereto with tee-

headed bolts. Machines of this kind

are used to tool both ends of locomotive

or other rods at one time, the adjust-

ment being adaptable for rods of differ-

ent lengths as in Fig. 9. Some machines
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of this kind have a double set of hous-

ings, and tool boxes on the housings in

addition to those on the cross slide.

The multiplication of cutters on plan-

ers, beyond those on housings and cross

rails, and on duplex machines, is mostly-

limited to the tooling of articles, such

as fluted rolls, rail points, nuts, etc.

The rule is nearly always, one tool box,

one tool, the case of back to back tools

Modern planing machines are supe-
rior to the older ones in the improved
feeds. Where 3/s inch or }4 inch was
once considered a broad finishing cut,

from 1 inch to 1 }4 inches or more is

now required. The old error lay also

in making the feed dependent on the

reverse of the table, and on a certain

amount of overrunning. The modern
method is to make it independent of re-

-AN ELECTRICALLY DRIVEN OPEN-SIDE PLANER. MADE BY THE DETRICK & HARVEY
MACHINE CO., BALTIMORE, MARYLAND, U. S. A.

in reversing holders excepted. An ex-

ception, however, occurs in the Arm-
strong tool holder for planers, in which
four tools operate in succession, the

width of feed traverse being equally di-

vided among the four, the principle

being the same as that of the cutters in

a boring head. The result is that the

feed can be increased directly as the

number of tools.

versal, and also in some cases to put it

on at either end of the stroke, and to

make it capable of alteration while the

machine is running. The old ratchet

and click is, therefore, an obsolete de-

vice.

A special device which is of consider-

able value from the point of setting plan-

ing machines down in a shop is that of

fixed versus adjustable striking forks.
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In all ordinary machines these are fixed

in one position, so that very little lati-

tude is left for the angle of the belt drive.

In the device patented by Cunliffe &
Croom, Ltd., of Manchester, England,
the whole of the belt reversing gear is

movable round a quadrant face on which
it can be set, and clamped at any angle

from the vertical to the horizontal.

This machine is shown in Fig. 11.

The problem of vee verstis flat slides

for the table has long exercised the

minds of manufacturers. The vee is the

to a certain extent; but these give more
trouble when wear takes place, and,
therefore, practice favours the flat slides

to an increasing extent, so that at the
present time the flat ways run the vees
very closely.

They afford a good basis for levelling

the machines on their foundations, as

well as being easy to correct, and their

lubrication is more readily kept efficient,

because the oil does not run away, as it

does down the sides of a vee. Whether
the higher speeds now demanded will

FIG. 10.—A DOUBLE-RAIL PLANING MACHINE. MADE BY MESSRS. HTJLSE & CO., LTD.,

ENGLAND. EIGHT RAILS CAN BE TAKEN IN AT ONE TIME
MANCHESTER,

early form, and at one time the only

one adopted. The greater ease of fit-

ting and maintaining the truth of the

flat design induced some makers to

adopt it; but conservatism, as well as

the obvious advantages on the side of

the vee, have been the reasons why the

flat fitting has made but slow headway.
The flat slides are easier to machine

and fit, and the take-up strips prevent

side movements. Vee guides prevent

risk of such movement, as well as lifting,

in any way tend to the survival of one
form over the other cannot be foreseen,

but the present tendency appears to be
all in favour of the flat type.

More attention is given to the self-

acting relieving motion of tool boxes
than formerly. A familiar sight is the

dragging of the tool on the work during

the return stroke. There is little objec-

tion to this in roughing cuts, except that

it looks slovenly, and dulls the keen
tool edge. Sometimes men lift the tool
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on the return stroke, but that can only

be done on the smaller machines where
one can reach over; it is a tedious job,

however. As it is easy to fit a relieving

device it should be done more often

than is the case.

The limitations of width of work im-

posed by the fixed housings of the ordi-

nary machine have brought into prom-
inence two special sub-forms,—the

open-side planing machine, with or

without a temporary removable hous-

ing, and the side planer, built broadly

after the shaper model, with its vertical

equivalent, the wall creeper. The first

belongs to the fixed tool type, the second
to the class in which the work is fixed.

In the general model in which the

open side planing machine is built, the

bed, the moving work table and the

fixed tool are retained ; but one housing
is omitted, and the design of the other
is allied to that of a post supporting the

cross rail at one end only. The prob-
lem here is to obtain ample rigidity of

the post and arm under heavy cuts.

This has been secured by broad and
liberal proportioning, and by the canti-

lever form of arm with tapering thick-

nesses and ribbing.

The post is usually of rectangular sec-

tion; but in the Billeter machines, which
appear to have been the earliest of this

design, the pillar is of circular section,
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and the arm is kept at right angles with

the bed by a key groove. A machine
of this type, made by Billeter & Klung,
A. G. , of Aschersleben, Germany, is

shown on page 144. In case of excep-

tionally heavy cutting being required,

an 6uter support is fitted for the arm.

One, two, or three tool boxes are'fitted,

—one or two on the arm, and one at

the side. In machines of this class the

advantage is that of open-sidedness,

since the problems of quick return and
moving work remain as in the common
type.

Machines in which the tool moves
while the work remains stationary corn-

planer, but in which the housings,

—

screw-driven,—slide on vertical ways
that flank the table, and the attendant

is travelled with them on a platform, as

in heavy plate, edge-planing machines.

More massive than these are the pit

planers, the special feature of which is

that housings and cross rail travel over
the work, bolted down below in a pit.

This is a bold design, of which few ex-

amples occur in England. The moving
mass is large, and the broad bases and
slides require very perfect fitting, with

provision for taking up wear, to ensure

steady movement. It is an example of

one among many attempts to tool mas-

FIG. 12.—ANOTHER CTJNLIFFE & CROOM DESIGN

prise several sub-types, most of which
are also open-sided, though several are

not. We will discuss these first briefly.

There are some Continental machines
of the latter class which have a close

general resemblance to the common

sive work while stationary. This planer

is shown in Fig. 15.

In these pit planers the height of the

cross rail is subject to much variation,

being low down or high up in different

machines. The former is better for
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FIG. 14.—THE ABOVE PLANER ARRANGED WITH AN
AUXILIARY SUPPORT FOR THE ARM

FIG. 13.—A SINGLE PILLAR PLANER. MADE BY
MESSRS. BILLETER & KLUNZ, LTD., ASCHERS-

LEBEN, GERMANY. REPRESENTED BY

MESSRS. PFEIL & CO., LONDON

stability, but the exigencies of work
require the latter also. In some designs

the rail has no capacity for vertical ad-

justment, in others it has, being carried

on turned pillars, braced together with

a cross beam above.

The side planers, of shaper model,

form an extensive goup for the moving
tool type. They have several practical

advantages over the regular kinds, but

some limitations also. They resemble

shapers with traversing heads in their

general build, but differ from them in

the direction of cutting, being longitudi-

nal instead of transverse. The tables

of the knee type are raised and lowered

like those of shapers, to suit the depth

of the work, the height of the tool box
being fixed, except for a small amount
of feed imparted to the holder. The
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difference in the floor space occupied

is a distinction of considerable im-

portance, being the difference between
the area of the machine in the open-side

type and that of double the length of

the table in the fixed tool group. In

the latter the table runs over the ends

to a distance equal to about half its own
length, and this makes demands on the

shop room.
In connection with this there is one

lined pit in front, deeper work can be
received than ordinary planing machines
will take, unless they are fitted with a

separate housing and tool box for plan-

ing ends. In this case the work is laid

across the table and the end planed with
the supplementary tool box on the hous-
ing, or in some cases with a cross trav-

ersing box running on the cross slide.

Such a job can be up-ended in the pit

and planed, just as similar jobs are
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15.—PLANING MACHINE WITH CROSS HAIL AND TTPKIfiHTS TRAVELLING C

M. M. SCULFORT £ FOCKEDEY, MAUBEUGE, FRANCE
SIDE WAYS. MADE B\

point which is seldom noticed except in

the shops, and that is the danger of the

moving table catching a passer-by in a

tight corner. To prevent this risk the

•space at the end is sometimes roped off.

If this precaution is not taken, men
must look out when they are passing

the ends of a planer table having move-
ment in a confined space.

An advantage of the side planer is

that if it is provided with a deepbrick-

2-5

treated in big shaping machines pro-

vided with a pit. A planer provided
with a pit is shown in Fig. 17.

It is well known that the shaper does
not operate satisfactorily on its longer

strokes. This is due to the fact that

the ram springs slightly, and to an in-

creasing amount as it gets farther away
from its support. In a machine in

which wear of the slides is not well

taken up, this becomes apparent to the
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-PLANING MACHINE WITH SWIVELLING ARM. MADE BY MESSRS. GEORGI
& CO., LTD., MANCHESTER, ENGLAND

eye without the test of measurement.

In a side planer cutting longitudinally,

the tool operates throughout a single

stroke at the same distance from the

bed, because it is parallel therewith.

And while the side planer arm has but

one slide, that on the bed, the. shaper

has two to suffer from slackness,—the

one just named, and also that of the

ram working across the saddle.

There is also an advantage in the side

planer from the point of view of setting

the work and observing the progress of

cutting. It is a little awkward to effect

adjustments on a common planer table,

sometimes leaning over it, or climbing

on it. The tables of a side planer, like

those of shapers, can be got round
easily.

When deep pieces are being tooled

in the common planer, the cross rail is

so high up that the cut cannot be seen

or the work checked so readily as when
it is on the level of the tables of the side

planer, where the height of the cutting

tools is practically constant for all jobs.

Moreover, the vertical faces of the latter

permit of the attachment of work which
requires the aid of the angle plate on
the common planer table.

The larger side planing machines are

fitted with two angle bracket tables, the

advantages of which are that in doing
small or medium pieces, the attendant

can be setting work on one table while

cutting is going on on the other. Also,

that a large piece can be clamped be-

tween or upon two tables which could

not be carried on one alone. Examples
of side- planers are given in Figs. 8, 16,

17 and 21.

The capacity of the tables does not

represent the full capacity of these ma-
chines, since work can be attached to

the tables by one end and extend out

over the floor at the other, being lev-

elled on suitable blocking. In this way
facings of relatively small area on big

castings or forgings can be planed. A
good arrangement with the tables of

some side planers is that of combining
provision for raising and lowering them
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FIG. 18.—PLANING MACHINE FOR RAILWAY POINTS. MADE BY MESSRS. HULSE & CO., LTD.,

MANCHESTER. WILL TAKE FOUR AT ONE TIME

FIG. 19 —A PLANER WITH TEN TOOL HOLDERS FOR FLUTING FEED ROLLS FOR TEXTILE MACHINES. THE
MACHINE WILL TAKE IN TEN ROLLS SIDE BY SIDE, AND TWO LENGTHS OF ROLLS, MAKING TWENTY
ROLLS IN ALL. MADE BY THE WOODWARD & POWELL PLANER CO., WORCESTER, MASS, U. S. A.
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FIG. 20.—COMBINED VERTICAL AND HORIZ)NTTAL PLANING MACHINE TAKING IN WORK 20 FEET
HORIZONTALLY AND 10 FEET VERTICALLY. MADE BY MESSRS. HULSE & CO., LTD., MANCHESTER

together, as well as independently, by
power. The advantage is, that once
set, vertical movements can be effected

without disturbing their alignment.

Many side planers include shaping
movements, the distinction being that

planing takes place along the bed, shap-

ing transversely. The two sets of mo-
tions are interlocked in the machines of

this class, made by de Fries & Co., of

Diisseldorf, Germany, so that they can-

not both be in operation at the same
time. An intermediate angle bracket
is necessary at the end of the arm to

change the position of the tool box.
The plaiing movement is actuated by a
screw, the shaping by a rack and pin-

ion. The tables are adjustable longi-

tudinally by rack and pinion, and verti-

cally by screws fitted with roller bear-

ings. Feeds can be changed while the

machine is running. When to these a

circular shaping attachment is added,

the range of these machines is rendered
practically universal. A combined shap-

ing and side-planing machine is illus-

trated in Fig. 16.

The limitation to the use of side plan-

ers is the width which can be surfaced,

which is usually limited to 40 or 50
inches, due to the overhang. But no
extra shop room is required for the

work to move over, and the reversal is

only that of the mass of the tool holder
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-SPECIAL SIDE PLANER FOR ARMOUR PLATES, WITH ARM ADJUSTABLE TO ANY ANGLE.
MADE BY MESSRS. CRAVEN- BROS., LTD., MANCHESTER, ENGLAND

and its arm. As the arm is operated

by a screw, its motion can be arrested

with closer precision than that of the

mass of a rack-driven table. Within its

limitations the side planer has, therefore,

much in its favour, and for work beyond
its range we have the more massive
class of wall creeper model.

The familiar vertical planing machine,
or wall creeper, has been a most valu-

able aid in the tooling of heavy marine
castings and forgings, and for massive
pieces generally which cannot be placed
on the table of any ordinary machine.
The work is attached to a tee-grooved

table alongside which the tool post

travels. The faces to be operated on
must, therefore, be set vertically, and if

more than one face has to be planed, the

work must be shifted round for each
face. The tool boxes are screw- driven.

In fact, the machine is the mechanism
of the old boilermakers' plate edge
planer adapted to another class of work.
A great many machines of this kind

plane both horizontally and vertically,

the former being the longer traverse.

The whole of the vertical slide partakes
of the horizontal movement. It is,

therefore, carried on two faces set sev-

eral feet apart on the uprights. An ex-

ample of this machine is given in Fig. 20.

In some vertical planers the vertical

tool slide or column traverses on a base

plate, instead of on slides, arranged in

a vertical plane. At first sight it ap-

pears as though a moving pillar is an
unmechanical arrangement, but the

broad fitting of the tool post and its

tapering outlines render it steady for

moderate areas. For the most massive

work the other is more suitable.

In this great group there is no ob
struction to the tooling of the most
massive pieces of work, attached to a

table, plain or compound in type, while

the movements of the tool box command
a large vertical and horizontal area.

Such machines are either independent

or the tool box slides are fixed to a wall.

The requirements of marine work
make great demands on the big planing

machine, and here the vertical and hori-

zontal planers abound in many modifi-

cations. The immense cranks, the con-

necting-rods, as well as the cylinders

and frames, involve tooling of more
than one kind, and it is desirable to do
as much as possible with the least shift-

ing and resetting of the work.

This is the reason why some big plan-

ers embody provision for vertical slot-
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ting also, together with the circular table

and compound slides of the slotting

machine. In such a machine the cross

slide and ram have to be lifted by power
to clear deep objects on the table.

Some machines for planing armour
plates include three directions of opera-

tion,—the usual longitudinal, a cross

traverse for ends, without resetting the

work, and the vertical or slotting,

—

horizontal and vertical screws, respec-

tively, being used for the last two.

A variation from the standard form
of planing machine is that in which the

cross rail can be set at an angle from
the horizontal for planing bevels. In-

stead of sliding directly on the housings
the rail is attached to back sliding plates,

being pivoted to one of these and ad-

justed for angle on the other by a seg-

mental rack and worm and then
clamped.

The capacity of a common planer can
be increased by rigging up planer

centres and headstocks on the table.

The latter are admirably suited for shap-
ing curved segments of work, or com-
plete curves on sections of pieces that

cannot be conveniently swung in the

lathe. All that is necessary is to im-
part a rotary feed to the head through
worm gear. Dividing heads can be
utilised, or a face plate can be fitted to

the head, as well as point centres, and
when the heads are removed from the

table the machine is ready for ordinary

duty.

Many special machines fall under none
of these great groups beyond the feature

of reciprocating movement.
The tooling of the points of rails has

given rise to planing machines of special

design, having tables capable of being
set to vertical angles. The table, there-

fore, comprises the sliding portion or

base, and the upper portion, hinged, on
which the work is bolted. Several tools

operate at one time. The general pro-

portions are necessarily rigid to with-

stand the strains of such multiple cut-

ting. This machine is shown in Fig. 18.

Another special planer is made for

fluting feed rolls. These are carried on
point centres, a multiplication of the
planer centres, ten in the width of the

machine and two sets in length, making
twenty rolls in all, being fluted at one
time. The centres in the centre head
are connected by spur gears. Two of

the centres have notched dials which
regulate the distance between the

grooves in the rolls automatically.

This planer is illustrated in Fig. 19.

A novelty in planing machines is

made for producing concave faces for

domes, boiler seatings, etc. In this

case the tool box is carried on a saddle

which receives a vertical motion from a

radius bar above. The effect of trav-

erse, therefore, is to alter the height of

the tool box, and so produce curvature.

Beyond these there are special porta-

ble machines for planing work in place,

one of the best known of which is that

for truing up the valve faces of cylinders.

Others are employed for working on
large engine beds and frames of various

kinds, on which it is cheaper and quicker

to fasten the portable planer and do the

work than to take the job to a fixed

planer.

In many cases but a small area has to

be tooled in any one locality, and the

portable machine excels in this class of

work. The machine generally takes

the form of a stiff beam, upon which the

planing head slides, and also has a slot-

ting motion. The beam being boiled

to the job, the head can operate on any
portion of the work within reach.

It may be driven by ropes or elec-

trically, the latter being more conven-

ient. Variations in this design are al-

ways increasing, and with the growing

mass and sizes of castings and forgings

now employed, especially in engine and
electrical work, the demand for such

portable machines is bound to become
greater and greater.

It is thus abundantly evident that if

the planing machine is having consid-

erable portions of its work appropriated

by the milling machines, its capabilities

are being enlarged in other directions,

and the planers appear to be as firmly

established as ever. This is partly due

to improved and specialised designs,

but largely also to improvements in the

details of the older types on the lines

indicated in the preceding pages.



THE COMMERCIAL DEVELOPMENT OF WATER
POWER

Bv Alton D. Adams

NDEV ELOPED
water power i s

sometimes re-

garded like a rich

gold mine, that is,

as a property that

has only to be
worked in order

to yield large
profits. Nothing
could be further

from the facts in

some cases. The
mere circum-

stance that a

stream with a con-

siderable volume
of water flows be-

tween high banks
or some miles, so that it may be readily

dammed up, or that it plunges over a

rather high fall, does not necessarily

give it any value whatever for power
purposes. In other words, engineering

practicability is no sufficient test of

commercial expediency in the develop-

ment of water power.
For the successful development of

water power from the financial point of

view, it is a prime necessity that there

be population by which, or industries in

which, the energy can be utilised. The
next important question relates to the

cost of the development and the income
that can be obtained by the sale of

power. Both of these matters depend
to a large extent on the constancy of

the power, and on its minimum rather

than on its maximum volume. It might
seem superfluous to call attention to

these fundamental facts were they not

so often lost sight of by promoters of

water power development, and even in

some cases by engineers who are called

on to advise in such matters. Electri-

152

cal transmission and distribution have
done much to make practicable the de-

velopment of unused water powers, but

transmission of power in any save very

large units soon finds commercial limits,

and distribution can supply, but cannot

create, consumers.

An interesting illustration of these

principles recently came to light in the

investigation of a proposed development
of water power for electrical supply, and
the main facts of the case are given be-

low, save that all names which might
serve to identify the power site are

omitted.

The site in question is located in the

western half of the United States, in an
agricultural and stock-raising section,

and is several hundred miles from any
city of considerable size. A river that

has cut for itself a gorge of 60 to more
than 100 feet in depth through the soft

rock of its bed, and of varying width,

for a length of several miles, is the pro-

posed source of the water power.

Where the steep sides of the river gorge
approach each other to within a distance

of about 200 feet, it was proposed to

erect a masonry dam with a height of

nearly 60 feet above bedrock, from bank
to bank. By this dam a reservoir more
than 5 miles long would be created, and
a head of 50 feet of water would be

made effective for the wheels.

Near one end of this dam an electric

generating station was to be located,

and the energy there developed by the

water was to be distributed in two set-

tlements not more than 5 miles apart,

and lying on opposite sides of the water

power site. It was thought that the

entire flow of the river, with an effective

head of 50 feet at the wheels, would en-

able the delivery of 4000 H. P. regu-

larly for twenty-four hours per day, and
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that in the driest times this output need
never drop much below 3000 H. P.

This power was to be sold in the two
settlements already mentioned, each of

which has a population of about 1000
persons. One of these settlements is

located on the only railway line in that

part of the country, and is a trade centre

for the territory to a distance of 100
miles round about. As the two settle-

ments mentioned, when taken together,

have a population larger than any place

within nearly 200 miles, there seemed
to be no opportunity for profitable trans-

mission of the power to distant points.

One of the first steps in the investiga-

tion of this problem was to determine
the volume of water and consequently
the power that would be available at

different times of the year. Fortunately,

the daily discharge of the river, in cubic

feet per second, had been recorded dur-

ing several years for a point a little

above the site of the proposed dam.
From these records for a recent year it

appeared that the minimum rate of dis-

charge on the days of nine months was
not less than 600 cubic feet per second,
taking averages of two days together.

In these months the maximum discharge

never fell below 750 feet per second,

and in two of them it rose to more than

1500 per second. During the remain-
ing three months of the year the records

were mostly lacking because of ice in

the river.

A survey of the power site and of the

river above showed that the reservoir

formed by the dam would extend up
stream more than 5 miles, would have
an area of nearly 1 square mile, and
would contain about 7000 acre-feet of

water. For the nine recorded months
of the year in question, the lowest
monthly discharge of the river was more
than 38,000 acre- feet, and the highest

was less than 54,000 acre-feet. This
uniformity of discharge seemed to be
due to the fact that the river flows

through a sandy country and is sup-
plied mainly by springs. It should be
noted that the storage capacity of the
reservoir behind the dam would equal
nearly one-fifth of the minimum monthly
discharge of the river. On the forego-

ing facts it seemed that the minimum
discharge of water available for power
production might safely be taken at 600
cubic feet per second throughout the

entire year.

With this discharge of water under
an effective head of 50 feet, its rate of

work would be represented by (600 x
62 x 5°) 4- 550 = 3380 H - P- Fair

efficiencies for water-wheels, electric

generators, distribution lines and trans-

formers, at full load, may be taken at

74> 93> 9 2 and 95 per cent. , respec-

tively. On the basis of these figures

the electric system would deliver to con-

sumers 0.74 x °-93 X Q-9 2 x 0.95, or

fully 60 per cent, of the total energy of

the falling water, and this would amount
to 3380 x 0.60= 2028 H. P., or very

nealry 1500 KW. This power, it is to

be noted, represents a large reduction

from the 3000 to 4000 H. P. which it

was thought the river might furnish.

If operated continuously throughout the

year for twenty-four hours per day, the

minimum discharge of the river would
yield 1500x8760=13,140,000 kilo-

watt-hours for the use of consumers on
the electric lines.

With a population of only 2000 to be
served, it would thus be necessary that

each should consume 13,140,000-^
2000 = 6570 kilowatt-hours on an aver-

age, in order that the continuous output

of the plant might be sold. That such

a rate of consumption would be most
unusual was seen by comparison with

the numbers of kilowatt-hours sold per

inhabitant on an average in several cities

during past years. In one city, where
there is a large and prosperous electric

system, operated mainly by water

power, the average amount of electrical

energy sold per person in the popula-

tion, as determined by the census of

1900, was 107 kilowatt-hours during

190 1. This energy was absorbed by a

large lighting load, and stationary

motors of more than 3000 H. P. rated

capacity, besides a relatively small

amount of electric heating apparatus.

Another city, where most of the

energy distributed by the electrical sup-

ply system comes from water power,

used 158 kilowatt-hours on an average



154 CASSIER'S MAGAZINE

per inhabitant, in 1903, on the basis of

its population in 1900. In this city the

load of stationary motors had a rating

of nearly 3000 H. P. , and there was a

large lighting load, but comparatively
little electric heating. Neither of these

cases includes the energy used by the

local electric car lines

From these illustrations it was at once
evident that 13,140,000 kilowatt- hours
per year could be sold to a population
of 2000 persons only under some extra-

ordinary conditions. Such conditions,

it was thought, might be found in the

offer of electric energy at very low rates

in a place where soft coal of only mod-
erate quality sells for $8 per ton, and
where ordinary kerosene for lamps costs

25 cents per gallon. These are the

current prices for the commodities
named in the places where the electric

energy from the water power was to be
sold.

It appeared on investigation that the

population of 2000 persons consumed
annually more than 7000 tons of the

soft coal at a cost of more than $56,000
and approximately 30,000 gallons of

kerosene, costing nearly $7500. A
very large electric load in proportion to

the population might be obtained, it was
thought, by making the rates for light,

heat and power as low as the cost of

coal and oil for corresponding results.

The conclusion reached as to lighting

was that at the rate of 3 cents per kilo-

watt-hour the number of these units that

could be sold per year for lighting would
reach 150,000. From this source the
probable income was thus 150,000 x
0.03 = $4500 annually. Stationary

motors, it seemed, would absorb as

much as 300,000 kilowatt-hours per
year if the rate for power service was
also put at 3 cents per unit, and the
resulting income would be 300,000 x
0.03 =$9,000. An electric railway
from the depot to the settlement, about

4 miles distant, over which there would
be a large freight as well as passenger
traffic, was estimated to consume fully

200,000 kilowatt-hours yearly at a rate

of 2 cents, so as to yield an income of

200,000 xo.02 = $4000 to the electric

supply system.

On these estimates these three lines

of service, that is, lighting, stationary

motors and electric railway, would give

the supply system an income of $17,500,
and would consume only 650,000 kilo-

watt-hours of its energy per annum. As
the possible output of the proposed
plant when making continuously at the

rate of 1500 KW, on an average, was
13,140,000 kilowatt-hours yearly, the

lines of service just considered left 12,-

490,000 kilowatt- hours of this output

unsold.

Electric heating was thus the only

service to which the great bulk of the

energy from the proposed plant could

be devoted. One pound of only mod-
erately good soft coal contains about

1 2,000 latent heat units, but hardly more
than 6000 of these units are usually

made available for warming and cook-

ing, because of imperfect combustion

and the losses due to high temperature

of flue gases. On this basis a ton of

2000 pounds yields 12,000,000 units o.'

heat for useful purposes. As a kilowatt-

hour is the equivalent of 341 2 heat units,

all of which are available at an electric

heater in warming or cooking, it seems

that 12,000,000-^-3412 = 3517 kilo-

watt-hours will equal 1 ton of this coal

in useful heating effect. The entire

yearly output of the plant would thus

do the work in heating of 13, 140,000 ~
3517 = 3736 tons of coal, or about one-

half of the amount consumed by the

population to be served. There was,

therefore, an ample market for the elec-

tric heat if it could be sold at a rate that

would displace coal.

It was found that during the month
of July, 1903, the consumption of coal

was not less than 250 tons, or about 670
pounds per hour for the twenty- four

hours of each day on an average. This

rate of coal consumption would yield

4,020,000 heat units per hour, on the

basis of 6000 units per pound. If car-

ried by the electric system, the heating

load thus presented even in July would
represent a continuous output of 4,020,-

000 -f- 341 2, or 1 1 78 kilowatts.

As 1 ton of the coal in question, cost-

ing $8, equals 3517 kilowatt-hours in

useful heating effect, the electrical
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energy must be sold at 800-^ 3517; or

0.22 cents per kilowatt-hour, in order
to just equal the bare full cost of the

heat from coal. To make the electric

heat slightly cheaper than the bare cost

of coal for an-equal effect, the rate may
be put at o. 2 cents per kilowatt-hour,

so that the output of the plant may all

be sold. As shown above, after all of

the probable demand for light and power
has been supplied, there will remain
more than 12,000,000 kilowatt-hours of

the possible yearly output that may be
sold for heating. On the rate for heat-

ing just mentioned, the annual revenue
from this output would amount to 12,-

000,000 x 0.002 = $24,000. Combin-
ing with this sum the estimated earnings
from the supply of light and power, it

seems that the annual income of the

electric supply system would amount to

$41,500 if its entire output were sold.

In order that the electric station may
yield a continuous output of 1500 kilo-

watts for consumers, on an average, its

generator capacity should be at least

2000 kilowatts, so that machines may
be shut down for inspection and repairs,

and so that a maximum load of more
than 1500 kilowatts may be carried.

The dam of more than 200 feet in length
and nearly 60 feet high above the bed-
rock should be of cement concrete, and
so also should the foundations for the

power stations.

Above its foundations the power sta-

tion should be constructed entirely of

brick, slate and steel, save at the doors
and windows, and its height should be
one story. The location of this station

close to one end of the dam will cut the

cost of penstocks and hydraulic work to

the lowest figure consistent with first-

class construction. Distribution lines

for the electric system were designed to

be entirely overhead, and to be con-

nected with transformers and meters for

the delivery of the output of 1500 KW
to consumers. Owing to the fact that

80 per cent, of this energy was to be
used for heating, the cost of distribution

lines was found to be somewhat below
that which would be necessary with a

light and power load. To construct the

above dam and generating station with

complete equipment and to build and
supply with transformers and meters the

distribution system, the total cost was
estimated at $450,000.
Comparing this cost of construction

with the $41,000 of estimated annual

earnings for the electric system, it seems
that the latter amounts to only 9. 1 per

cent, of the former. In a system like

the one under consideration, where all

the electric energy is developed by water

power, and most of it is sold for heat-

ing, the expense of operation will be

comparatively low. Even with this ad-

vantage, however, it is very evident that

operating expenses, interest and depre-

ciation, to say nothing of profits or divi-

dends, cannot be paid out of a gross

earning that amounts to only 9. 1 per

cent, annually on the investment.

Having found that the plans of the

promoters of the above plant could not

be carried out at a profit, it remained to

be seen what could be done on a sound
financial basis. A little consideration

was sufficient to show that an electric

plant under the circumstances of this

case could not hope to show a good re-

turn on its cost so long as the greater

part of its income was derived from

heating in competition with coal at $8
per ton.

" The next step was to reduce

the capacity of the entire plant to a

point where light and electric motive

power would become the more important

loads. In order to provide for all the

light and power service that would prob-

ably be required for many years to

come, it was decided to give the dam a

height that would maintain an effective

head of 20 feet of water on the wheels

instead of 50 feet, as had been proposed.

With this head the minimum rate of

discharge in the river and the efficiency

of 60 per cent, between the power of the

water and distribution system, there

would be a constant output of 600 KW
available for consumers. At present

most of this output could be sold only

for heating; but as the demand for light

and "power increases, some of heating

can be omitted. Twenty feet was fixed

on for the head of water, because lower

heads cost more to develop and because

it is much more economical to give a
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dam its maximum height at first than to

increase the height and thickness after

a plant is in operation. Moreover, the

head of water fixes both the power and
speed of the wheels, and consequently
the frequency, capacity and voltage of

their direct-connected generators, so

that any considerable change in the

working head after a plant is in opera-
tion requires expensive changes in elec-

tric generators and transformers.

With a constant load, on an average,

of 60 KW, the output of the electric

station would reach 5,256,000 kilowatt-

hours annually. As shown above, 650, -

000 kilowatt-hours could probably be
sold per year for light and power pur-

poses at once. This would leave 4, 600, -

000 kilowatt- hours to be sold for warm-
ing and cooking, instead of the 12,000,-

000 kilowatt-hours that would be offered

for these purposes from the larger plant.

Because of its limited quantity this

smaller amount of energy could prob-

ably be sold for 0.3 cent per kilowatt-

hour, which would make its heat 1.5

times as expensive as that from coal.

The income from heating and cooking
on this basis would amount to 4,600,-

000 x 0.003 = $ I 3,8oo annually. The
addition of this sum to the $17,500 to

be derived from the light and power
service raises the probable gross earnings

of the 800-KW system to $31,300 an-

nually. From year to year the demand
for light and power will increase, and
the price for energy used in heating can
be gradually raised, so that the gross

and net income would grow larger be-

cause of both more business and higher

prices.

To construct the dam for a water head
of 20 feet, build and completely equip

the electric generating station for a

maximum output of 800 KW, and erect

a distribution system with transformers

and meters for the delivery of 600 KW
regularly to consumers, was estimated

to cost $170,000 in condition to oper-

ate. Of this sum the probable annual

earnings of $31, 300 in sight at the start

form 18.4 per cent, of the investment.

Such a percentage of the earnings to in-

vestment would hardly be satisfactory

as a permanent matter; but in the case

under consideration, it seemed advisable

to make the hydraulic development
great enough for all future demands.
Having done this it was better to install

the generating and distributing appa-

ratus and sell the surplus energy for

electric heating than to let the water go
idly over the dam.
Had present requirements alone been

considered, the height of the dam would
have been designed for a head of 10 or

12 feet, and a generating station and
distributing system of about 300 KW
capacity would have been constructed.

Such a plant could have been enlarged

at some later date only with a relatively

great expense.

The chief value of this illustration

from actual practice is that it shows
some of the conditions that are met and
some of the considera lions that govern
in the development of water powers for

electrical supply.



THE INCH VERSUS THE METRE

FOR A UNIVERSAL METRIC SYSTEM

By George Moores, F. S. S.

U
P to the begin-

ning of the
n ineteenth

century every nation

had its own systems
of weights and meas-
ures, but with the
rapidly increasing in-

ternational inter-
course, and the ad-

vent of mechanical
means for manufac-
turing, the desirabil-

ity was foreseen of

having some simple

system of weighing
and measuring which
could be used by all

nations and which
should be established for all time. The
movement for reform on these linesbegan
to take shape in the latter part of the

eighteenth century. Great Britain was
in the van, closely followed by America
and France, the other nations of Europe
bringing up the rear.

In Great Britain the initiatory move-
ment was taken in 1789, in which year

Sir John Riggs Miller, member for

Newport Borough, Cornwall, gave no-

tice in Parliament that in the next ses-

sion he would bring forward a resolution

aiming at reform of weights and meas-
ures. In the following, year he carried

out his intention, and, in two powerful

speeches, brought his proposals before

the House. In the interval of those

speeches the French Bishop of Autun
wrote to Sir John, stating, in effect, that

he was bringing the question of weights
and measures reform before the British

House of Commons, and he (the Bis-

hop), being a firm believer himself of

the need of such a reform in France, he

would likewise bring the question before

the National Assembly,—a body then

just formed,—of France. In the same
year PresidentWashington in the second
session of his first Congress also urged
the reform of weights and measures.

Only one of these three attempts at

reform was carried out. In Great Brit-

ain Sir J. R. Miller ceased to represent

Newport, and after returns had been
obtained from all over the country, the

subject was allowed to drop. In Amer-
ica a commission reported in favour of

a decimal, but not metric, system, which
was introduced by Secretary of State

Jefferson, but no action was taken on
the report. In France the National

Assembly appointed a commission which
subsequently reported, and in 1793 the

commission's recommendation of a

metric system, operated deci mally, was
adopted and became law.

The reason why neither Great Britain

nor America took action may be gath-

ered from the writings of Sir James
Stuart, the well-known political econ-

omist, who, years before, had pointed

out that " anyone speculating for the

public welfare in introducing reform of

weights and measures must be very con-

fident of success, owing to the undertak-

ing being so difficult of accomplish-

ment." And, in the report of a sub-

sequent enquiry made in America, Mr.

John Ouincy Adams said " he stood ap-

palled by the difficulties in the way of the

introduction of a reform of weights and
measures.

'

' Neither country saw its way
to combat the difficulties,—and those

difficulties have been increasing ever

since and will accumulate as time goes
on,—which would be raised by a radical

change in its weights and measures.

But France had no such fears. It

i57
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was then in the throes of the Revolu-
tion. It had just beheaded its king and
queen, banished religion from the realm,

and declared war against Great Britain.

The reform of weights and measures

was comparatively a slight matter.

Freeman, the historian, writing of these

days, says:

—

"The centre of everything during this time was
France; and in France men did what had never
been done before; that is, they went on the fixed

principle of changing everything, whether it was
good or bad, wherever their power reached, both
in their own country and elsewhere. There was a
general change of everything, often out of a mere
love of change, and there was in particular a silly

way of imitating old Greek and Roman ways and
names, even when they were nothing to the pur-

pose. But in this general crash the evils of the
olden times were largely swept away, as well as
the good, and means were at least given for a

better state of things to begin in our own times."

THE PRINCIPLES OF A METRIC SYSTEM

The British and French reformers

sought not merely to correct abuses of

a system, but to improve the system it-

self. They recognised that the ancient

systems of Rome and Egypt, in which

the volume measures were based on the

linear measures, and the measures of

weight on those of volume, had greater

advantages than any system in which

length, weight and volume had no rela-

tion to each other. And at this point

let us make perfectly clear what the

principles of the metric system are, since

there is such widespread confusion and
misunderstanding of it, owing to the

name of
'

' Metre '

' having been given

to the unit adopted by the French.

A succinct definition of a metric sys-

tem is a system of weights and measures

based on a single measurement of length.

Any length will do to produce a metric

system,—an inch, a foot, a yard, a

metre, or anything else. The value of

the system lies in the corelation of vol-

ume and weight and the length. That

is, if we take a foot for a " single meas-

urement " on which to build a system,

that foot becomes the unit of length;

cubed, it is the unit of volume measure,

and the weight of water which the cube

will hold becomes the unit of weight.

Contrast this system with the yard, gal-

lon* and pound, which have no common

* Many years ago Great Britain did effect a slight

reform in making a gallon "a vessel holding 10 lbs.

weight of water," but in America the old gallon of

uneven ratio is still retained.

measure, or metre, and, therefore, do not

constitute a scientific or metric system.

WHY THE METRE LENGTH WAS
ADOPTED

As we have seen, it is not essential to

a metric system that any particular

length should be chosen ; the great point

to be observed in choosing a unit is to

have something which is constant,— al

ways the same under similar conditions.

The British idea of the unit for a metric

system was the length of a seconds

pendulum at the equator, or any other

place to be mutually agreed upon.

To this question of unit the French
Academy of Sciences, to whom the

National Assembly had referred the

duty of preparing a new system of

weights and measures, gave long and
learned attention. But they handi-

capped themselves at the outset by lay-

ing it down as a principle that the unit

of length to be chosen should be unlike

any existing unit of length ; because they

argued if it happened to be the same,

or nearly the same, as that of any coun-

try, the jealousy which would thereby

be produced would prevent its adoption

by others. It would probably have oc-

curred to a commission of business men
that if the unit selected had been identi-

cal, or nearly identical, with that in

common use by one people, its adoption

would have been secured by that nation;

and if it has been arranged so as not to

vary too much from the units of other

nations the probability of its early adop-

tion by all would have enormously in-

creased.

It has ever been a pity that the quintet

of distinguished mathematicians who
adopted the metric unit were not joined

by an equal or larger number of business

men, or that their chosen unit had been
subject to revision by another commis-
sion who were in close touch with the

everyday wants of the people. The
fundamental excellence of the system
would then, doubtless, have been sepa-

rated from the fundamental defect of

the proposal before them,—the incon-

venience of the unit of length selected.

As it is, the metre unit is quite unworthy
of the system.

The British idea of adopting the
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length of a pendulum beating seconds eluded in either set of figures. Its sys-

in some given locality as the unit of the tern is decimal, but not metric,

system was for a considerable time countries using the french metric system.
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referring to the three are round figures point,—the universality of the metre,
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standard 'of length. China is not in- the reasons that enforce the adoption of
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all other improvements. It is a scien-

tifically sound system, whereas we are

now using an agglomeration of systems,

—wasting our time, our money, and
our brains for naught.

But whilst our forefathers stood by
the length of the seconds pendulum as

a unit, it would be unwise to adopt either

that or the metre. Both are nearly 40
inches long and present unnecessary

difficulties in calculations which would
be obviated by taking an inch as the

unit of the system. Even if the inch

was not known in practice, and though
we were a new nation, with no vested

interests, no literature, and no industrial

reputation behind us, we should still

have to go to the inch length to obtain

a base for a perfect metric system, so

great are the improvements it would
give us in mental manipulation, and in

practical computation of all kinds.

The idea of a natural constant which
the metre was supposed to be has not

been realised. Later science has shown
the measurements on which it was based

to be incorrect, and no one now claims

that it is anything more than a piece of

metal well preserved and used as a

standard, just as our own yard standard

is used.

It has been said, and with some force,

that the French metric system is already

universally used by scientific men, and
especially by electrical engineers. We
grant this, but in doing so we feel that

it is no credit to our race that it is so.

If our scientific men have fed themselves

on French and German books, and our
electricians have been content to have
their formulae made for them by for-

eigners, it is a subject perhaps not so

much for praise of the metre and its

derivatives, as it is for regret that Anglo-
Saxons have been behind in the world
of research and invention.

One of these days we shall have an
industrious member of our race coming
forward and converting the centi-metre,

—gram,—second system into an inch-

mil,—second equivalent,—for the mil

(one-thousandth inch) is to day used
more in mechanical and electrical manu-
facturing than is the millimetre, and all

the power of the French Academy of

Sciences was not found strong enough
to alter the divisions of time, though it

was part of their system to decimalise

the day and to give us a second equal

to 0.864 °f our present second.

And, though we were to admit that

the metre and its derivatives were per-

fect;* though we were to overlook the

fact that there are i22,ooo,ooof more
people to-day using the inch and its

derivatives than use the metre; though
we were to grant that it were possible

to compel Anglo-Saxon people on both
sides of the Atlantic to adopt the unfor-

tunate and badly conceived metre, the

cost of the change alone would be an

effective bar in preventing it. We are

standardising our manufactures more
and more; for centuries the English-

speaking people have been, and are to-

day, the greatest manufacturing people

in the world, and all their calculations

are based on the inch.

Our sea charts and land measures, our
legal documents and our priceless liter-

ature, and, above all, our costly me-
chanical measures, tools, jigs, gauges,

drawings, etc. , are all fixed on the inch

and its multiples or sub multiples. It

is asking too much that we shall alter

these for a mere sentiment.

* Prof. W. Foerster, president of the Interna-
tional Commission of Weights and Measures, in a

'

long letter published in "The Times" (London)
of September, 1902, admits imperfections which
would be rectified by an inch unit.

t Not only in the British Empire and in America
is the inch used, but the Russian standard, the
"sagene," is a multiple (84) of the inch.



THE PREMIUM SYSTEM AND THE BRITISH SHIP-
BUILDING TRADE

By Benjamin Taylor

A
GREAT deal of disappointment,

and some apprehension, has

been'caused in British industrial

circles by the recent issue of a circular

on the Premium Bonus System from the

head office of the Federation of Engi-

neering and Shipbuilding Trades. This

circular is, in effect, a manifesto ad-

dressed to the officers and members of

the trades affiliated with that Federation.

The Federation includes nearly all the

trade unions connected with these in-

dustries, viz., the Boilermakers and
Iron-Shipbuilders, Associated Iron-

moulders, Patternmakers, Associated

Blacksmiths, Enginemen, United Ma-
chine Workers, Braziers and Sheet
Metal Workers, Brassfounders, Asso-
ciated Shipwrights, Liverpool Ship-

wrights, Co-operative Smiths, Com-
bined Smiths, Steam Engine Makers,
Smiths and Strikers, Amalgamated
Carpenters and Joiners, Associated Car-

penters and Joiners, General Union of

Carpenters and Joiners, Amalgamated
Cabinetmakers, National Furnishing
Trades, Woodcutting Machinists, Mill

Sawyers, Operative Plumbers, Ship and
House Painters, Scottish Painters, and
Liverpool Ship Painters.

The Federation, therefore, includes

several trade unions which are associated

with many industries and occupations

besides shipbuilding and engineering.

And yet it does not include the greatest

trade union of all, and one as closely

associated with shipbuilding as even the

Society of Boilermakers and Iron-Ship-

builders, namely, the Amalgamated
Society of Engineers. The A. S. E.

has hitherto refused to join the Federa-
tion, and is well known not to be on the

most friendly terms with some of the

trade unions within the Federation.

And this has been mentioned in some

2-6

quarters as one cause of the antagonism
to the premium system now displayed

by the Federation of Trade Unions; for

the A. S. E. adopted the premium sys-

tem by formal agreement with the Fed-
eration of Engineering Employers at a

conference held at Carlisle in August,

1902.

Under that agreement the employers
were notified that those who wished to

introduce the premium system into their

shops must do so on the understanding
that the time-rate of wages for each job

should in all cases be paid; that over-

time and night-shift allowances be paid

on the prevailing conditions; that time-

limits, once established, should be fixed

and not changed; and that the system
should not be established by any firm

which did not intend to adhere to it.

And the men were notified that any
members who refused to work under the

premium system, where established un-

der the conditions laid down by the

Carlisle conference, would be refused

donation benefit.

This was not, of course, the begin-

ning of the premium system in Great
Britain, for it had been in operation for

some time previously in the works of

Messrs. David Rowan & Co. and
Messrs. G. & J. Weir & Co., Glasgow;
but it was the beginning of it under the

recognition of trade unionism, and ir

this sense it seemed to be the beginning

of something like an industrial revolu-

tion. It is not correct to say, as some
of the newspapers have done, that

'

' the

premium or bonus system was imported
into Great Britain from the United States

by an agreement between the Amalga-
mated Society of Engineers and the

Employers' Federation." As a matter

of fact, the system practically adopted,

though not specified in the agreement,

161
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was that devised and ^applied by Mr.

James Rowan, of Glasgow, which differs

materially from the American methods
(though not from the principle of them)
of premium paying for extra work.
Under the Rowan system the hourly

wage of the workman is augmented by
the same percentage on the fixed hourly

rate as the time he saves on the time

allowance for the job.

That it has not operated without fric-

tion where it has since been introduced,

one is not astonished to hear. No re-

form ever is effected without friction;

no new industrial method ever has been
established without the introductory

grumbling and discontent. But that

the A. S. E. as a society are cognisant

of the advantages of the premium sys-

tem is evident from the fact of their re-

taining it, and from their desire to pre-

vent any employer from going back
on it.

After the Carlisle conference a Lan-
cashire firm adopted the premium sys-

tem in their machine works. Two
years' experience made them conclude

that it was not profitable as applied in

one branch of their works alone, and as

restricted by the conditions of the Car-

lisle agreement. Therefore, they an-

nounced their intention of abandoning
it and engaging on piece work rates in-

stead. The local branch of the A. S. E.

objected, and the local branch of the

Federation of Employers was appealed
to, on the contention that the firm could

not now abandon the system without
breach of the Carlisle agreement. The
reply of the firm was that the system
could not be looked upon as " estab-

lished
'

' with them, inasmuch as it had
been in operation in only one portion of

their works. The case has been referred

to a conference of the central bodies of

the Employers' Federation and of the

A. S. E., and it concerns us here only
as a practical illustration of the fact that

the engineers, or machinists, are deter-

mined not to be deprived of the oppor-
tunity of working under the premium
system,—once they have it.

What, then, is the position of the

Federation of Engineering and Ship-
building Trade Unions, apart from the

A. S. E.? In May last^at their annual

meeting, held at Aberdeen, the desires

of several employers to introduce the

premium system into other branches of

the industries than those of the A. S. E.

were discussed, and a committee was
appointed to go fully into the matter,

and draw up a circular for presentation

to the executive council with a view to

its ultimate issue to the Federated
Trades.

This is the circular that has lately

been issued. It reports that the com-
mittee has carefully investigated every

system of premium bonus available to

them, and finds that the underlying

principle in every case is the same,

—

'

' a time value in hours is put upon such
work as this system applies to, and for

all time saved upon the hours limit the

workman receives a proportionate in-

crease in his wages, which proportion

varies under the different systems ex-

amined by your committee." It is ob-

jected that the time limit is " fixed by
the firm without previous consultation

with the workman,"—but, as a matter

of fact, the time limit has been fixed by
the action of the workmen themselves

in the past. The employer does not

invent a time limit for a job. He goes

by the records of the time occupied by
average competent workmen over sim-

ilar jobs. Then, it is also objected that
" no bonus is paid until the work has

been passed as satisfactory by the em-
ployers' representatives.

'

' But in what
business does a buyer pay for goods
until or unless he is satisfied that he is

getting what he ordered and requires ?

Then, the circular goes deeper, thus:—"A further objection to this system is

that the time allowance is frequently

fixed by calculation from the piece-work

basis. This means that the pace is set

by the strongest and the most proficient

workmen, and with the inevitable con-

sequence that the weaker must go to

the wall. The argument that the pro-

ficient workman should have an ad-

vantage over his less gifted fellow lacks

the saving merit of originality (!) All

recognise that degrees of proficiency

exist, and that the superior has the right

to benefit by his superior skill and in-
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dustry; but we strongly object to the

doctrine that the excellence of one man
shall be made a medium for grinding

down another who is not so gifted, and
we recognise that the standard which
one man may reach is quite impossible

of attainment by his fellow workman.
Under this system there is no recogni-

tion of degrees of ability, and any work-
man who cannot attain the standard

fixed by officials with whom he never
comes into personal contact is speedily

sent to the right-about."

All this, of course, is quite fallacious.

The premium system provides special

reward for special effort, but it does not

prevent ordinary (trade union) reward
for ordinary (trade union) effort. The
statement that men who do not make
special effort are dismissed by officials

is without a shadow of proof; but,

naturally, the men who show the

most energy and develop the most pro-

ficiency have the preference. It

would be monstrously unjust if it were
not so.

The circular further states:
—" Your

committee are of opinion that this sys-

tem has absolutely nothing to recom-
mend it; it is an adaptation of the most
pernicious and degrading condition of

employment in modern industrial his-

tory,—the task work system; it is un-

even in its operation, and harsh and
unjust in its application; it creates jeal-

ousy and ill-feeling in the workshop,
and is the cause of endless bickering

and misunderstanding, owing to the

complicated and intricate character of

the calculations involved in many of the

systems; it has been the cause of more
men being discharged than any strike

which has*yet taken place in the history

of the engineering and shipbuilding in-

dustry; and it will have the effect of

keeping men whose waning physical

powers unfit them for the closest and
hardest labour from obtaining employ-
ment, except when trade is at its busi-

est.
'

'

One would like to take a plebiscite of

American machinists, working on the

premium system, about this sweeping
deliverance. As to the displacement of

men, the delusion is preserved by the

trade unions in entire forgetfulness of

the positive assurance of their own
champion and historian, Mr. Sidney

Webb, who has told them in set terms

that this is a " gross fallacy," and that
" if throughout the world every man's
labour was suddenly rendered half as

productive as it now is, we should be
worse off, not better.

'

'

But the fact is that the executive

council of the Federation of Engineer-

ing and Shipbuilding Trade Unions
" are unanimous in condemning any
system of payment of wages except by
the hour, or, in cases where piece-work

is recognised, by mutual arrangement be-

tween the workmen, or their representa-

tives, and the employer, '

'—and strongly

recommend the societies included in the

Federation " to do all in their power to

prevent their members working under
any premium bonus system," simply

and plainly because premium working
does not lend itself to trade union con-

trol and dictation. It is not the Rowan
system, or the Weir system, that has

to be opposed, but any premium sys-

tem, whether British or American. The
opposition of the Federation of Trades
is all the more serious from its uncom-
promising character.
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New York's famous subway was
opened for regular passenger traffic on
October 27,—that is, a length of about
nine miles, leaving twelve miles yet to

be completed, with a branch under con-

struction leading to the borough of

Brooklyn underneath one of the rivers

skirting the city, and further extensions

planned. Vast sums have been ex-

pended during the past few years in

building underground railways in vari-

ous large cities,—London, Paris, Berlin,

Buda-Pest, Boston and Chicago, for ex-

ample, though in this last instance goods
traffic only is served,—and the accumu-
lated experience from them all has been
turned to account in this latest under-

taking, which is thus illustrative of the

best practice of the times in underground
city passenger transportation. The
New York subway is not of the deep-

tunnel order, except along a restricted

section ; it is nearly everywhere immedi-
ately below the street surface, so that

access to and exit from the trains are

easily and quickly secured. The cost

of the subway will figure up to some-
thing like $40,000,000, to which $18,-

000,000 must be added for electrical

equipment, which includes cars and
power station. Four years and seven

months were needed to put the subway
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and accessories in their present working
shape, and a daily working force of

about 4000 men was employed, of

whom only 50 lost their lives during the

progress of the work,—a very satisfac-

tory record when the magnitude of the

undertaking is considered. The 100,-

000 H. P. station which supplies the

operating current represents the most
advanced type of large central station

design. A sectional scheme was de-

cided upon for the power house arrange-

ment by which the structure was to

consist of five generating sections, alike

in all their mechanical details. Later a

sixth section was added, with space for

a seventh. Each section was to em-
brace one chimney, along with the fol-

lowing generating equipment:—Twelve
boilers; two engines, each direct-con-

nected to a 5000 KW alternator; and
the detail apparatus necessary to make
each section complete in itself. In one
of the sections it was decided to omit a

regular engine and generator and in its

place put a 5000KW lightingand exciter

outfit. The present engine equipment
comprises nine 8000 to 11,000 H. P.

main engines direct connected to 5000
KW generators, as just noted; three

steam turbines, connected to 1875 KW
lighting generators, and two 400 H. P.
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engines, direct-connected to 250 KW
exciter generators. Three-phase cur-

rent is generated at 11,000 volts, and is

delivered to eight sub-stations along the

line of the road, from which direct cur-

rent is distributed to the third- rail con-

ductors at 625 volts. The cables used
for conveying energy from the power
house to the several sub-stations aggre-

gate about 150 miles in length.

Somewhat suggestive of the histori-

cal Rainhill contest in the year 1829
between Stephenson's locomotive
" Rocket" and Ericsson's " Novelty"
was an electric locomotive exhibition

given last month on an experimental

section of track of the New York Cen-
tral Railroad near Schenectady, N. Y.

The locomotive was the first one of a

lot of between thirty and fifty to be built

for the above line by the General Elec-

tric Company and the American Loco-
motive Company, of Schenectady, and
represented the beginning of what to-

day is the most enterprising programme
in existence for the conversion of an
important section of a steam railway into

an electric one. This provides for the

electrical equipment of the New York

terminal of the New York Central Rail-

road for a distance of 34 miles on the
main line from New York to Croton,
and for 24 miles on the Harlem Division

as far as White Plains. It is the inten-

tion to handle all the traffic within this

district electrically, the through pas-

senger trains, ranging up to 875 tons in

weight, to be hauled at maximum
speeds of 60 to 65 miles an hour. In

the design of the electric locomotive in

question the best mechanical features of

the high-speed steam loocomotive were
secured, combined with the enormous
power and simplicity in control made
possible by the use of the electric drive,

and the success of the trials thus far has

led to the opinion that in the new loco-

motive a type has been found whose
distinctive features may be accepted as

a basis for future standardisation.

The locomotive has four driving

axles, on each of which is rigidly

mounted, without intermediate gearing,

the armature of an electric motor of a

normal rating of 550 H. P. Thus the

total rated capacity of the locomotive is

2200 H. P., although for short periods

a considerably greater power may be

ONE OF THE 95-TON ELECTRIC LOCOMOTIVES BEING BUILT TO SUPPLANT STEAM LOCOMOTIVES

ON TWO DIVISIONS OF THE NEW YORK CENTRAL RAILROAD
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developed, making it more powerful
than the largest steam locomotive in

existence. The motor has two poles

with flat faces, so as to permit a large

relative vertical movement between
armature and poles as the latter move
up and down with the riding of the frame
upon the springs. By the use of the

Sprague-General Electric multiple-unit

system of control, two or more locomo-
tives may be coupled together and oper-

ated from the leading cab as a single

unit. The motive power may, there-

fore, be easily adapted to weight of

train, with no complication in operation

and with uniform make-up of train crew.

A single electric locomotive will be able

to maintain the schedule with a 450-ton
train, and two locomotives will be
coupled together for heavier trains.

The locomotive superstructure consists

of a central cab for the operator, con-
taining master controllers, engineers'

valves, and switches and valves required
for operating sanding, whistling and
bell-ringing devices. This apparatus is

supplied in duplicate, one set on each
side of the cab, and is arranged so as to

be easily manipulated from the opera-
tor's seat, while at the same time a

practically unobstructed view to the
front and the rear may be obtained
from the windows. A central corridor

extends through the cab, permitting
access to the cars behind, and the rheo-
stats, reversers and other electrical ac-

cessories are arranged along the sides

of the corridors in sheet steel boxes
sheathed inside with fireproof insulating

material.

The control system permits three

running connections, namely, four

motors in series, two groups of two in

parallel-series, and all four motors in

parallel. Current is collected from the
third rail by spring-actuated shoes,

—

four of them on each side of the loco-

motive. In the yards at the terminal

the large number of switches and cross-

ings will necessitate overhead construc-

tion at some places, and additional con-

tacts are, therefore, mounted on the top

of the locomotive for collecting current

when passing such points. These de-

vices may be raised and lowered by air

pressure, controlled from the engineer's

cab. The total weight of the locomo-

tive is 95 tons, and the weight on the

drivers amounts to 67 tons. The nor-

mal full load current will be 3050
amperes at 600 volts. In the starting

tests a speed of 30 miles an hour was
attained in 60 seconds with an eight-car

train, weighing, with the locomotive,

431 tons, corresponding to an accelera-

tion of half a mile per hour per second.

The maximum current input recorded,

—4200 amperes at 460 volts, or 1935
KVV,—gives an output of the motor of

2200 H. P. available at the wheel.

With 4200 amperes and a maintained

voltage of 600, there would be an input

of 2520 KW, corresponding to 2870
H. P. output of the motors. This may
be secured without in any way exceed-

ing the safe commutation limit of the

motors and with a coefficient of traction

of only 22.5 per cent, of the weight
upon the drivers, thus placing this elec-

tric locomotive in advance of any steam
locomotive yet built. Throughout both

starting and running tests the locomo-
tive has shown remarkable steadiness in

running.

Perhaps no more striking illustration

could be afforded of the increase of lux-

ury aboard trans -Atlantic passenger

steamships of the most advanced type
than the recent statement that two such
vessels, shortly to be put on the stocks

for the Hamburg-American Line, are to

be fitted with passenger elevators. But
such equipment is not indicative of lux-

ury alone; it points as well to a growth
in size of ship with which the public

mind has become almost too familiar to

be properly impressed, and which is not
adequately pictured by feet and inches.

Other comparisons are more expressive

in these instances; hence the statement

that from the lowest saloon deck to the

boat deck of the two ships in question

represents the height of an average five-

story house. In the luxurious'modern
home of that height the elevator, has

r
be-
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come a'well- established convenience, so

that'".its^addition to a luxurious steam-

ship's equipment does not, on second

thought, seem so radical a forerunner of

the times; in fact, it is confidently ex-

pected to prove a very practical revenue
producer in that it will make the lower

tiers of staterooms quite as desirable to

the physically inactive as those on the

upper levels.

JOHN R, FREEMAN

The Next President of the American Society of Mechanical Engineers

A BIOGRAPHICAL SKETCH

WITH the election, this month,
of Mr. John R. Freeman as

the next president of the

American Society of Mechanical Engi-

neers practically assured, we are pleased

to be able to present a portrait of him
in this issue.

It has been stated more than once,

semi humorously, that an essential qual-

ification for prominence in later life

seems to be country birth and early

education, away from the atmosphere of

large towns, and that qualification Mr.
Freeman has, having been born in the

little community of West Bridgeton,

Me., in 1855, and having received his

early training in the district school of

that place. Later he attended the pub-
lic schools at Portland, Me., and Law-
rence, Mass., winding up finally at the

Massachusetts Institute of Technology,
where he took the civil engineering

course and was graduated in 1876.

Hydraulic engineering from the first

attracted him, and for the next ten years

he was on the engineering staff of the

Lawrence (Mass.) Water Power Com-
pany, rising there in a short time to the

position of principal assistant to Mr.
Hiram F. Mills, chief engineer. Op-
portunities for important and varied en-

gineering experience were many in Mr.
Mills' office, and the time which Mr.
Freeman spent there furnished an ex-

cellent foundation for subsequent work
as a consulting engineer in hydraulic

engineering and mill work which he had
in view.

Before opening an office on his own
account, however, he received the offer

of a position as inspector and hydraulic

engineer for the Factory Mutual Fire

Insurance Companies, which he ac-

cepted for a year only, in the belief that

the acquaintance to be gained in this

way with mill men and mill architecture

would be a valuable asset later on when
he undertook consulting practice. In

this manner he entered the insurance

field, in which he has since remained,

although not to the exclusion of other

business and engineering enterprises.

He found a comparatively new specialty

in fire protection engineering, which
not even now receives the recognition it

should.

In the course of this work he has been
called upon to make tests of the effi-

ciency of many public water works, as

well as to investigate the new appliances

for fire protection which are constantly

coming out. His experiments on the

discharge of fire nozzles and the

hydraulics of fire streams are among the

standard investigations of engineering

and too well known to need more than

mention.

In a short time he was called on to

reorganise the inspection service of these

companies, of which he was placed in

charge, with the title of chief inspector

and chief engineer. In this work he
appreciated from the outset that it

afforded good openings for the best en-

gineering talent, and accordingly re-

cruited his staff of draughtsmen, experi-
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menters, inspectors and engineers from

the graduates of engineering schools as

far as possible. To show what a field

exists in this line of work it is only-

necessary to state that more than two

thousand large mills, valued at over a

thousand million dollars, unite for fire

protection purposes in the Factory

Mutuals. Mr. Freeman has particularly

sought to perfect standard methods and
appliances for fire protection, and to

unite manufacturers of fire appliances

on certain standards of quality while

preserving to each his individuality of

detail.

The specifications almost universally

adopted for underwriter fire pumps, un-

derwriter nozzles, fire hose, and the like,

were drawn up by him after much ex-

perimental work, and even since his

advance in the companies to a position

of larger responsibility, he keeps in close

touch with all engineering work as chair-

man .of the committee over the inspec-

tion department. It was in 1896 that

he became president and treasurer of

the Manufacturers' Rhode Island and
Mechanics Mutual Fire Insurance Com-
panies, which were virtually a consolida-

tion of the oldest two organisations of

this character. Under his charge their

business has in about eight years in-

creased more than three-fold. Mr.

Freeman a little over a year ago was
called upon to become president and
treasurer of three more companies of

this [nature, the] State, Enterprise and
American. At the present time he is

accordingly in charge of the fire- protec-

tion and insurance interests of manufac-

turing property valued at more than

$330,000,000, making his office the

largest of its kind, and thus bringing

him into close business relations with

many industrial leaders. Fondness for

engineering work has caused him to

steadfastly decline to devote his time

exclusively to business interests, and he
has reserved a portion of it for continu-

ing his practice in the congenial fields

of pure engineering.

In these fields water supply engineer-

ing has received probably most of his

attention, and his chief labours there

have been in connection with the new
water works for the city of Boston and
neighbouring towns as a member of the

Massachusetts Metropolitan Water
Board. This was in 1896. Three
years later he was selected to investigate

and report upon the water supply of the

city of New York,—a work of exceed-
ing importance and magnitude, which
culminated in a report in the shape of a

600-page volume generally acknowl-
edged to be the most elaborate water
works report ever prepared by one en-

gineer.

Mr. Freeman, in addition to his mem-
bership in the American Society of

Mechanical Engineers, is a member of

the American Society of Civil Engi-
neers and of the Boston Society of Civil

Engineers. The Norman Medal of the

former society was twice awarded to

him for papers of special merit,—one on
the hydraulics of fire streams and the

other on the nozzle as a water meter.

Of the Boston Society he was president

in 1893. At the present time he is

identified as a director with several bank-
ing institutions; he is also a member of

the corporation of the Massachusetts
Institute of Technology, and a trustee

of the Rhode Island School of Design.
The honorary degree of Doctor of Sci-

ence was conferred upon him this year
by Brown University.
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PIONEER WORK IN HIGH-TENSION ELECTRIC
POWER TRANSMISSION

THE OPERATIONS OF THE TELLURIDE POWER COMPANY

By P. N. Nurm

In the light of present achievements in high-tension, long-distance electric power transmission, the
early work of the Telluride Power Company, fourteen years ago, and further developed in the immediately
succeeding years, commands unqualified admiration. It was work of daring enterprise, pioneer work in
the face of discouraging comment from almost everywhere, making its successful outcome all the more
gratifying to those who undertook it, and interesting to the profession generally. Mr. Nunn's account of
it was given for the first time in a paper presented at the recent International Electrical Congress at
St. Louis, and its publication here, embellished by many additional illustrations, has been made possible
through his kind co-operation.—The Editor.

THE ORIGINAL POWER HOUSE AT AMES, 1S9O

D
URING the winter of 1890, the

year preceding the famous
Frankfort- Lauffen experiment,

apparatus was installed for the first com-
mercial, high-pressure, alternating-cur-

rent power transmission of the world.

From that beginning has grown the

Telluride Power Company.
The mining district surrounding Tel-

luride, Colorado, is at the same time

one of the most rugged and one of

the richest in the Rocky Mountains; but

its inaccessibility and the consequent
cost of producing power caused the

financial failure of many important en-

terprises in the early days of its history.

The statement made in the annual report

of the Treasury of the United States, in

1901,* that " for the growth of its min-
ing industry San Miguel County is in-

debted to the Telluride Power Trans-

mission Company more than to any
other agency,

'

' is borne out by the fact

that at the present time all the important

mines and mills of the district are oper-

ated by power furnished by this com-
pany.

The Gold King mill, situated at an

altitude of 12,000 feet, where the cost

of fuel for steam power had become pro-

hibitive, was the first to be operated by
means of this power. This property had
been attached in 1888 to satisfy a con-

* Annual reports of the Treasury of the United
States, report of the Director of the Mint, page 135.

H Copyright, 1905, by the Cassier Magazine Co.
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GOLD KING MILL, IN WHICH THE FIRST SYNCHRONOUS MOTOR WAS USED

tinued deficit in operations. Mr. L. L.

Nunn, the attorney retained by the own-
ers, found that this deficit was due
largely to the enormous cost of power,
and that there would have been a hand-
some margin if power could have been
furnished at not more than $100 per

H. P. -year. Down in a deep gorge
of the valley, over 2000 feet lower, but

less than three miles away, two moun-
tain streams formed at their confluence

the South Fork of the San Miguel River,

offering cheap and continuous power.
A stay of proceedings was secured,

and, as a means of transmitting this

power, cable drive, compressed air, and
continuous-current electricity were all

investigated. The limitations of each
were apparent, while the advantages of

alternating current and higher pressures

became gradually recognised, and a de-

cision was reached to attempt their use.

This decision was due less to the imme-
diate saving in copper than to a keen
sense of the limitation of continuous,

and faith in the final success and ulti-

mate superiority of, alternating current.

During the investigation which fol-

lowed, while selecting apparatus, little

but incredulity or ridicule was encount-

ered. Eastern investors in the enter-

prise were annoyed by predictions of

prominent engineers, and discouraged

by their insistence, that the experiment
would prove a miserable failure and the

expenditure go for naught. It was said

that there was no alternating-current

motor; that oil insulators must be used,

and that the line must be fenced in.

However, a generator and a motor for

3000 volts and of 100 horse each were
ready for trial in the fall of 1890.

Difficulties caused by ice at 40 de-

grees below zero, by speed control

over unusually high water pressure, by
avalanche, by blizzard, by electric

storms unknown in low altitudes, and
scores of others, now generally forgot-

ten, but then most serious, marked
every step of progress. Notwithstand-

ing all of these, unqualified success from

the beginning caused gradual and con-

stant growth, until at the present time

the Telluride Company and its allied in-

dustries have six power stations and
nearly a thousand miles of line in Col-

orado, Utah, and Montana.
Following its pioneer power trans-
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mission, it made practical experiments

as early as 1895 with pressures which
have never, even yet, been exceeded,

and for three years it operated commer-
cially the highest pressure transmission

toothed, wound with twelve simple

coils in cells of fullerboard and mica.

Switchboards consisted of matched and
shellaced pine sheathing, and the bases

of instruments were dry hardwood.

THE EARLIEST ALTERNATING CURRENT GENERATOR FOR POWER SERVICI

of the world. Thus the record of its

work becomes an important chapter in

the history of power transmission; but

it must readily be seen that the limit of

this paper precludes the possibility of

describing, even in the briefest terms,

all, or even a substantial part, of its

pioneer work.
The initial installation, purchased

through Mr. F. B. H. Paine, comprised
a generator installed in a rough cabin

upon the site of the present Ames station

and belted to a 6-foot Pelton wheel un-

der 320 feet head, and a motor at the

mill 2.6 miles distant. The two were
identical Westinghouse single-phase

alternators of 100 H. P., the largest

then made. The generator was sepa-

rately excited, while the motor was self-

exciting. Each carried a twelve-part

commutator, and was slightly com-
pounded through current transformers

upon opposite spokes of its armature.

The latter were ironclad, or "T"-

Only voltmeters and ammeters were
used, both of the solenoid and gravity

balance type, in black walnut cases with

window glass fronts. Circuits were
closed with jaw switches and opened by
arc-light plugs. The line carried two
No. 3 bare copper wires, mounted upon
short Western Union cross-arms and
insulators. The copper cost about

$700, or about 1 per cent, of the esti-

SECTION OF "T "-TOOTHED ARMATURE WITH
THREE COILS IN PLACE
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mated cost for continuous current.

The main motor was brought to syn-

chronous speed by a single-phase induc-

tion starting motor, which received its

current at full line voltage. The current

taken was more than full load current

of the main motor. This starting motor
even required starting by hand, its torque
being zero at starting, and so feeble at

low speeds that when cold it could only
with the greatest difficulty be persuaded
to pull up to speed its belt and loose

pulley. Nor could it at speed start the

main motor without help, and even then
it became so hot that its short-circuited

secondary frequently burned out.

Another motor of 50 horse-power was

GENERAL VIEW OF SAVAGE BASIN, SHOWING THE TOM

soon added. While in other respects

similar to the first, this motor was in-

tended to be self-starting, with armature
and field in series through a current

transformer, and on account of its fright-

ful flashing it was fitted with a special

eight- part commutator of non-arcing

metal. This feature, however, proving

a failure, was soon replaced by a sepa-

rate starter.

The need of wattmeter or power- factor

indicator not having been at that time

recognised, motor field charge was ad-

justed for least main current. This cur-

rent was accepted as having unity power
factor, and, therefore, as the measure of

actual power.



w»jpl^p

BOY, JAPAN AND OTHER PROPERTIES AND CAMP BIRD DIVIDE

Everything was extremely simple,

from water-wheels to motors, and, ex-

cept for lightning, the plant ran smoothly
and steadily thirty days and more with-

out a stop. The report made in the

East by associates of the enterprise that

at Telluride a hundred horse-power were
being successfully transmitted nearly

three miles over No. 3 copper, with less

than 5 per cent, loss, was received with

the utmost incredulity.

During the autumn of 1892 a 600-

horse generator of the same character-

istics was installed, and a 250- horse
motor for the mill on Bear Creek, ten

miles from the generator. Early in

1894 a 50-horse, and, during the fall,

a 75-horse motor were placed in Savage
Basin, fourteen miles from the power
house. The former was soon replaced

by a 100-horse motor, and in 1895 a
1 00-horse motor was set up at Pandora.

Except as to size, these motors were
substantially identical. The 250-horse

motor was badly designed, and the pole

pieces were of cast iron. Its starting

motor was insufficient, and was, there-

fore, soon replaced by one having split-

phase secondary with external resist-

ances. Marble with brass trimmings
replaced wooden-base instruments, and
such elegance demanded highly pol-

ished slat switchboards of paraffined

oak. Imposing marble rheostats were
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DIAGRAM OF ORIGINAL SYNCHRONOUS MOTOR SYSTEM AT TELLURIDE

mounted at switchboards like keyboards
upon grand organs. Fuse blocks, the

only protective device, became marble
slabs with duplicate aluminium strips.

The first synchrophone came with the

75 H. P. equipment.

Owing to its altitude and geographic
position, the Telluride district is pecu-

liarly subject to atmospheric disturb-

ances. Over a hundred distinct dis-

charges have been counted within a

single hour, and lightning caused more
discouragement than any other obstacle.

A neighbouring continuous - current

plant, transmitting a little more than

a mile, carried several extra armatures;

and even then it was so frequently

compelled to close down during the

daily storms of the rainy season that

the company was eventually bank-
rupted.

The alternating plant might have
suffered a similar fate had it not been
for its " T " -toothed armatures and re-

placeable coils, eight of which were suc-

cessively burned out and replaced on
one motor within a single week. To
get a coil into place, and its oak keys

driven home, required such bending,

clamping and pounding as inevitably

resulted in injury to insulation, and only

by the greatest care could replaced coils

be made to stand a test adequate to the

3000 volts employed.
For protection from lightning several

types of manufactured arresters, then

various original devices were tried,

ending with a simple gap in series with

a score or more of fuse blocks in par-

allel, arranged about a radial commu-
tator switch, turned from point to point

as the fuses were blown by successive

discharges. From the first, these con-

ditions caused the greatest apprehension
as to the commercial success of electric

power transmission, until Mr. Alexander

J. Wurts, during a stay of several

months with the company, gave the
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protection of the now well-known non-

arcing arrester.

No transformers were used between
machines and line, the largest transform-

ers at first being 2 KW, or 40- light.

Aside from the effects of lightning, even
to-day 3000 volts upon the winding of

small, high-speed armatures requires

first-class insulation. Frequent grounds
were prevented by deep insulating

foundations of paraffined wood. To
prevent short circuits within the coils,

their cells, just before placing, were
poured full of shellac, and the entire

armature was afterwards baked for sev-

eral days. By this means the 50-horse

motor ran a full year without trouble in

a room dripping with moisture.

A lighting transformer received in

1 89 1 was rated at 5 KW. Thereto-

ore transformers had been rated in

lights, and generators in horse-power/

This transformer was immersed in engine

oil, and marked an epoch in the com-
pany's history. Lightning frequently

punctured it, causing its fuses to blow
without other apparent injury. It re-

mained in service for years. All others

were soon likewise immersed. Four
500-light, dry Stanley transformers,

purchased in 1892 for lighting Telluride,

were broken down by the thunder

TESLA STARTING MOTOR

storms of the following spring. When
repaired, these also were immersed in

engine oil, and gave no further trouble

during the three years they remained in

service.

Alternators were paralleled at Tellu-

ride in the spring of 1893, arjd thereafter

they were so operated with full load

upon the smaller and regulation upon
the larger machine.

Manipulation at switchboards or at

brushes involved direct handling of 3000
volts,—a rather high switchboard pres-

sure even now. It was a rule that every
attendant keep one hand in his pocket

THE EARLY LABORATORY FOR STUDENTS
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ONE OP THE MOTOR SWITCHBOARDS OF THE TELLURIDE SYNCHRONOUS SYSTEM

while working with the other. It is

pleasant to record that during these

years no loss of life and but few acci-

dents occurred.

There being no other circuit breakers,

it was necessary when a motor dropped
out of step to break the circuit with the

single arc-light plug. This always drew
a heayy, vicious arc, which, on the big

motor, frequently held to the full length

of the 6-foot cable, and then sometimes
required a whiff from the attendant's

hat. When not broken promptly, it fre-

quently involved the entire switchboard
and shut down the plant.

Duties of this nature required consid-

erable skill and cool heads, and in order

to operate the plant continuously, night

and day, fifteen or twenty competent
attendants were required. To fit young
men for these positions, a course was
arranged during which they were taught

something of machinery, of shop-work
in metal and wood, and of wiring, insu-

lating and repairing, while receiving

such assistance in daily study as condi-

tions permitted. A technical library,

including the electrical papers, and a

conveniently fitted testing room were
always open. Each student was then

given a short laboratory course in

graphic treatment of alternating-current
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theory. This is said to have been the

first systematic effort made by a corpor-

ation to train its employees for responsi-

ble positions.

Although the plant, as a whole, was
an unqualified commercial success, no
explanation need here be made as to

why it was replaced by the induction

system as soon as the latter had been

perfected. This marks the limit of the

most extensive single-phase, synchro-

nous plant ever operated. With but

one or two motors its operation was not

difficult, but each motor added to the

system brought increased demand for

care and skill.

The causes of difficulty were not un-

derstood then as now, nor was the effect

of power factor fully appreciated. Lack
of both wattmeters and power- factor in-

dicators left the adjustment of field

charges to the judgment of the oper-

ators. The power factor of each motor
being dependent not only upon its own
adjustment, but upon that of all, the

closest attention and co-operation were
necessary, in marked contrast with the

simplicity of operation of induction mo-
tors. Disturbances due to starting

motors were especially trying; and the

unqualified success attained, notwith-

standing defects of apparatus and sys-

tem, is attributed now, far more than

then, to the skill and vigilance of the

operators in this new and fascinating

field.

The Tesla system, substituted for the

synchronous in the year 1896, com-
prised two6oo-KW, 60-cycle, 500-volt,

two-phase generators, direct connected
to water-wheels under 600 and 900 feet

head, respectively, and an equal capac-

ity of raising and reducing transformers

and of two-phase, 2 20- volt induction

motors. The twelve 100-KW step-up

transformers were connected in pairs,

two-phase, three-phase for three phase,

1 0,000-volt transmission. These trans-

formers were worthless ; all broke down
within a year, and one or more were
always undergoing repairs. Break-
downs occasionally caused sufficient ex-

plosion to lift a cover, or splash the oil.

The woodwork soon became saturated,

and hot metal from the near-by main

fuses frequently started fires, endanger-
ing the wooden power house. A mas-
onry transformer house in two compart-
ments was, therefore, constructed, and
into it the transformers were moved,

—

this being the first known case of isola-

tion of oil transformers on account of

fire risk.

The power house at Ilium, situated

six miles below Ames, on the same
stream and using the same water, was
built in 1900, and contains one 1200-

kilowatt, revolving- field, General Elec-

tric generator, direct connected to two
impulse wheels under 500 feet head.

Transmission lines extend both to the

Ames station and to points of dis-

tribution, providing the insurance of

duplicate transmission. Any section of

line can be cut out for repair, or either

power house shut down, without inter-

rupting the service. Junctions other

than generating and distributing points

are equipped with open air switches,

mounted upon standard line insulators

and operated from platforms similarly

insulated, and have proven invaluable.

Junction houses at distributing centres

provide for a branch line to each cus-

tomer, which is equipped with switches,

fuses, and a set of five record-making

instruments,— a voltmeter, two amme-
ters and two wattmeters. The power
company thus secures upon its own
property a continuous, accurate, and

satisfactory record of each load.

The long spans crossing canyons and

"divides" surrounding Savage Basin

may be worthy of note. These divides

are bare ridges at an altitude of 13,000

feet, inaccessible in winter and swept by

frequent snow-slides. Spans up to 1 1 50

feet are used in order to reach safe

points for supports. A number of these

supports, although simple and inexpen-

sive, have stood for years without re-

pair. The longest span is of No. 1,

hard-drawn copper, supported by half-

inch plough-steel cable, both being car-

ried by the same insulators. The de-

flection is approximately 35 feet on a

slope of 31 degrees. Another is of

^-inch soft iron cable, 11 20 feet long,

and has been in service five years. A
third, 660 feet long, is of hard- drawn



a 84 CASSIER'S MAGAZINE

A LONG SPAN AT RED MOUNTAIN DIVIDE
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copper only, having 25 feet deflection.

The strain insulators in all cases are a

series of the usual line insulators and
pins upon a longitudinal arm hinged to

permit adjustment to span motion.

They are simple, inexpensive, and en-

tirely successful.

A 1 0,000-volt underground transmis-

sion was put in operation at the Gold
King mine in 1896. Power was carried

through an unused tunnel, 1300 feet

long, upon bare copper conductors 12

inches apart on standard line insulators,

to a deep mining hoist equipped for

electric power. The tunnel was always
dripping with water, but no trouble was
experienced during the several years of

operation, although slight brush dis-

charge or halo was at times observed.

An interesting installation to which
power is furnished is that of the well-

known Camp Bird, Limited, near

Ouray. Nineteen motors and rotaries,

in sizes up to 150 KW, drive crushers,

Huntingtons, concentrators, compres-
sors, pumps and hoists, aggregating in

all about 1000 KW. Two underground
transmissions, each a mile in extent, are

in operation. Continuous current at

550 volts from two rotaries and a

650-ampere-hour storage battery oper-

ate three deep-mine hoists of 150 H. P.,

and an installation designed by Mr. C.

S. Ruffner, now engineer of the Utah
department, makes use of the alternating

current transmitted at 10,000 volts

through paper insulated, lead-covered
cable, for the purpose of operating two
50 H. P. pumps.
The success of the original plant

prompted the manager of the company,
Mr. L. L. Nunn, to institute a search

for other water powers in the West,
finding, as a result, that such powers
were very remote from available mar-
kets, requiring much longer transmis-

sions than theretofore used. Voltages
higher than from 10,000 to 15,000 were
not in commercial use, and were re-

garded as merely problematical; but
two important water rights, already ac-

quired in Utah and Montana, would
have been worthless at such pressures.

Mr. Nunn therefore determined in 1895
to undertake at Telluride an exper-

imental transmission at higher volt-

ages, to be installed and operated as a

practical test for power purposes, and
to determine, if possible, the problems
peculiar to long distances and high
pressures.

Two identical 75-KW, oil-insulated

transformers were installed in the aut-

umn of 1895, one at the Ames station

and the other at the Gold King mill.

They were designed for pressures vary-

ing from 15,000 to 60,000 volts by con-

venient steps. A separate pole line was
equipped with three circuits of different

characteristics upon three types of in-

sulators.

Measurements with many special in-

struments were made, embracing the

different voltages, styles of insulators,

conductors and distances between them,

and the conditions peculiar to the vari-

ous phenomena met at every step. Ob-
servations upon a wide range of atmos-
pheric conditions were made by means
of United States Weather Bureau ap-

paratus at either end of the line. The
commercial feasibility of high pressures

was demonstrated by the successful

operation of the Gold King mill during

a great part of the year at pressures from

30,000 to nearly 60,000 volts, as well

as by continuous electrification for nearly

a month during dry weather of a three-

mile telephone circuit, upon telegraph

insulators, at pressures rising from 10,-

000 to 40,000 volts.

The change of the system from single

to polyphase terminated actual trans-

mission experiments. The reducing

transformer was moved to the station,

and another equipment, designed for

polyphase tests, was ordered. The re-

maining time was devoted to open cir-

cuit losses, and to the verification of

measurements previously made. This

work continued until August, 1897,

when construction was begun upon the

Provo plant

Much of the data obtained from these

experiments was incomplete, requiring

caution in its use, due largely to the

time and study required in solving, step

by step, the problems and difficulties

met at every stage of the work. How-
ever, that much of value was obtained
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is shown by the subsequent successes at

Provo. Sufficient had been learned to

warrant the commercial adoption for the

first time of 40,000 volts, nearly thrice

the voltage of any previous plant; to

lead to the manufacture of transformers

which, after seven years' continuous
operation, are still in daily service; to

determine the design of the Provo- type
insulator, the method of line construc-

tion, distance between wires, and the

importance of wave form, and to make
possible this great advance in long-

distance, high-voltage transmission.

This experimental work, as clearly

appears from the foregoing facts, was
begun, carried on and finally utilised by
the Telluride Company in the regular

and necessary course of its growing
business; yet it must be added that im-
portant services were rendered by Mr.
V. G. Converse, under whose direction

the transformers had been designed and
constructed, and who participated

throughout the greater part of the work
during all the experiments with actual

high-pressure transmission, and subse-

quently by Mr. Ralph D. Mershon in the

elaborate instrumentation and laboratory

practice, including a notably ingenious

method of reading high-tension losses

upon low-tension circuits, devised by
him and used in substantiating the ac-

curacy of the earlier measurements; also

that different types of insulators were
contributed by the General Electric and
the Westinghouse Companies and by
Mr. F. M. Locke on account of their

friendly interest in the work.*
The original plant at Provo contained

two'750-KW, 60-cycle, 800- volt, three-

phase General Electric generators, di-

rect connected at 300 revolutions per

minute to twin horizontal turbines under

125 feet head, a six-panel Wagner
switchboard, two banks of oil trans-

formers and two outgoing circuits. All

contents, thus in duplicate, were assem-

bled in two complete, independent units,

designed for operation independently or

paralleled at both high and low pres-

sure. Prior to the power-factor indi-

* An interesting account of this work and some
of the technical results may be found in Mr. Mer-
shon's report quoted in Mr. Scott's paper before
the A. I. E. E. at the Omaha meeting, in July,
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cator, a device which answered a some-
what similar purpose was installed,

consisting of a wattmeter on the low-

pressure paralleling bus with current

coil in one bus and shunt across the

other two. This indicated cross-cur-

rent, and was used in the adjustment of

field charges. Transformers were each

250 KW, 800 to 40,000 volts, star

connected at both high and low pres-

sure, with neutrals grounded.

Triple- pole air switches and four-foot

fuses formerly connected each bank of

two-phase three-phase, grounded neu-
tral, for 220-volt, two-phase induction
motors. The Provo-Eureka line, 42
miles long, carries seven-strand alumi-

nium cable equivalent to No. 4 copper.

The Eureka-Mercur cross line, 28 miles

long, equivalent to No. 5 copper, was
added to complete the triangle thus

formed and permit cutting out either of

the three sides without interrupting

service.

The Logan plant was completed in

1 90 1, containing two 1000-KW, revolv-

THE MERCUR MILL, SUPPLIED WITH POWER FROM THE PROVO, UTAH, STATION, SHOWN ON PAGES I92

AND I93. THE FIRST INDUSTRY OPERATED BY 40,000-VOLT POWER

transformers with its transmission line.

One form of air switch, opening six feet,

contained no metal except conductors,

and was composed entirely of paraffined

wood and rawhide, without porcelain,

glass or other insulator. Others were
sliding frames carrying line insulators.

During the first year of operation the

transmission comprised a single 32-mile
line to one receiving point at Mercur,
where the arrangement was similar to

that at the power house, save that two
reducing transformers were connected

ing-field alternators, direct connected at

400 revolutions to double discharge twin

turbines under 212 feet head. This

plant is connected with the Provo sys-

tem by duplicate lines over 100 miles

long, passing the cities of Ogden and
Salt Lake. The Provo and Logan
plants are thus operated in unison

through nearly 200 miles of transmis-

sion. Distributing points at Mercur,

Eureka, Bingham, Salt Lake and Provo
are also junction points of the duplicate

lines, equipped with switches in each
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THE INTERIOR OF THE PROVO POWER HOUSE

incoming line, as well as in circuit with

the transformers, so that in case of

threatened trouble the patrolman can
without delay have his section cut off

for immediate repair without interrupt-

ing service.

The three conductors of each trans-

mission form an equilateral triangle, 76
inches between wires, carried by a seven-

foot cross-arm and the top of the pole.

Extra long pins raise the insulators from
6 to 1 2 inches above the cross-arms, are

of selected locust, kiln- dried and im-

mersed from six to twelve hours in hard
paraffine at 150 C. Cross arms are of

Oregon fir, kiln-dried and soaked in

boiling bitumen. Those upon the first

line were attached in the usual manner
with metal braces.

The burning of cross arms and poles

on account of broken insulators, during
prolonged wet weather, occurred most
frequently at these braces. When the
next lines were built, in 1899, treated

wooden braces were substituted, with
results so favourable that all metal braces
were soon replaced. It was still ob-
served, however, that even light leakage

seemed to concentrate around the lag

bolts, carbonising the wood and finally

loosening the bolts.

For the Logan lines of 1900 and all

later lines, therefore, the cross-arms

were mortised through the poles and
wedged and pinned with hard wood,
thus discarding all metal except con-

ductors. This construction was origi-

nated by Mr. A. L. Woodhouse, who,
upon the close of the high pressure ex-

perimental work in Colorado, of which
he had charge, became, and still is,

superintendent of the Utah department.

It has proved amply slrong, not ex-

pensive, and during the four years'

operation of the 400 miles thus con-

structed very few poles have been
burned.

Provo type glass insulators, designed

by Mr. V. G. Converse, have been used
throughout. Many have broken, but

these have usually shown the effects of

gunshots or stones. In fact, there has

not been a single breakage, except in

one lot, improperly annealed, clearly

due to either internal or dielectric

stresses. It is difficult to see wherein
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any other insulators could have done
better, unless bullet-proof. College

laboratory tests to the contrary notwith-

standing, leakage losses are inappreci-

able, except during severest storms, and
then not serious where insulators are

unbroken.
It is a mistake to suppose that 'Utah

climate is favourable. During the rainy

season it is as wet as any, and the alkali

dust of the so-called salt storms is as

into an arc, like that which was photo-
graphed by Mr. C. E. Baker, the line

patrolman at Mercur, and which has

several times been published. A quick
turn of the generator rheostat at the

critical instant breaks the arc, without

interrupting service of induction motors.

The arrangement of power houses and
transmissions already described is such
that the opening of paralleling switches

may resolve the system into a single

THE LOGAN POWER HOUSE

trying as sea-coast spray. At times

dense volumes of this impalpable dust
from the Great Desert are accompanied
by clouds or fog. In this damp, sticky

state the dust completely covers to a
considerable depth the under as well as

the upper surfaces of insulators, as well

as poles, cross-arms and pins. Over
these surfaces streamers gradually creep
until, meeting at the pole, they break

transmission from ioo to nearly 400
miles in length with a generator at each

end, yet side by side. If one generator

be reversed, synchronised as a motor
with the other and loaded by its water-

wheel, any length of transmission may,
by manipulation of a paralleling switch,

be alternately cut in and out between
them. Since switchboards and instru-

ments are connected, measurements
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made are immediately comparable. In

this manner losses and power factor may-

be measured, and the corrective effect

of charging current observed.

Solid aluminium wire, first used in

1898, was slightly alloyed to increase

strength, but proved worthless, break-

ing repeatedly with square, glass-like

fractures. It was at once replaced with

commercially pure, seven-strand cable,

still in use. Similar cables have gen-

erally been employed for subsequent
lines, while spans have been success-

fully increased to 180 and 200 feet,

with less deflection than usual with

copper.

The experience with oil transformers

for 10,000 volts at Telluride, and the

refusal of manufacturers to give any
guarantees whatever for other trans-

formers for higher pressures, led the

Telluride Company, when undertaking
this 40,000-volt transmission, to manu-
facture its own. The first equipment
was made at the Wagner Company's
works under designs and supervision of

Mr. Converse. The later ones were
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BURNT POLE OF EARLY CONSTRUCTION

made by the Converse Transformer
Company.
When erected, the oil in the tank and

the transformer in an oven were slowly

raised to, and then maintained during

twenty-four hours at, a temperature of

125 C. The transformer was then im-

mersed in the oil, and both continued

at the same temperature for a further

twenty-four hours.

As bearing upon the question of fire

risk due to oil transformers, it may be
of interest to note that of the large num-
ber of these high-pressure transformers

used during the past seven years, chiefly

in isolated sub-stations containing much
wood and seldom visited, all but four

are still in operation; that these four

were destroyed by fire of doubtful origin,

and that only one transformer has re-

quired repair other than change of oil.

The plant at Norris, Montana, de-

signed and constructed in 1901 by Mr.

O. B. Suhr, Superintendent (now Resi-

dent Engineer of the Ontario Power

Company), contains at present two low-

speed, 1000-KW units.

A duplicate transmission of 60 miles

conveys power to the city of Butte.

These lines, as well as both raising and
reducing transformers, were designed

PRESENT ALL-WOOD POLE CONSTRUCTION
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ARC CAUSED BY A SALT STORM

for the use of 40,000, 60,000, or 80,000
volts. Longer pins are used than in

Utah, and conductors form a triangle of

108 inches. While producing the pres-

ent limited amount of power, and await-

ing a suitable insulator, the lower volt-

age has been used.

In conclusion, it may be said that the

Provo plant,—the first transmission at

more than 16,000 volts,—while under-

taken materially in advance of the art,

and not exempt from its share of

troubles, has, nevertheless, been fully

successful as a financial venture, and
not without value in the progress of the

science. Long periods of perfect opera-

tion, monotonous in their uneventfulness,

have proven beyond question the suc-

cess of high pressures for long distances.

The new and larger power house at

Olmsted, at the mouth of Provo Can-
yon, completed this season, is modern
in every detail. It contains three

3600-horse generators, operating un-

der 340 feet head. Air switches and
fuses are everywhere giving place to oil

switches with time-limit automatics, and
constant reconstruction to meet its in-

creasing demands keeps the system, as

a whole, abreast of present practice.

Thus the Telluride Power Company,
while again and again a pioneer in power
transmission, must not be associated

alone with the experimental methods of

early days, but may in the future be

found still engaged in progressive, prac-

tical, pioneer work.

For the illustrations on pages 175 and 17S, and for the upper cue on page 179. the writer i- in-

debted to a paper entitled "Long-Distance Transmission for Lighting and Power," read by Charles F.
Scott before the American Institute of Electrical Engineers on June 7, 1S92.



ENGINEER OFFICERS IN THE BRITISH NAVY

THEIR PAST AND FUTURE

By Archibald S. Hurd

NOTHING reveals in more striking

light the conservative policy

which distinguished for many
years the administration of the British

fleet than the treatment of non-combat-

ant officers. It was not until 1843 that

paymasters (pursers), surgeons, chap-

lains and naval instructors were raised

from the rank of warrant officers to be
commissioned officers, and ten years

later, though the chief engineer of a

ship lived in the wardroom with the

military officers and others, his junior

companions had a mess of their own,
but were not provided with cabins.

They had to sling their hammocks like

the seamen, as, in fact, some of the

youngest engineers in many ships do to

this day. The chief engineer hada cabin,

but, as a rule, it was small and stuffy,

and had to serve as office as well as

cabin; in some ships it was on the en-

gine platform, a kind of black hole.

Those who go down to the sea in

ships get accustomed to the worst con-
ditions. A flag officer, who has vivid

3-3

recollections of this period, has told the

writer that no one seemed to think the

arrangements for the engineering officers

bad. This admiral's memories of these

early days of steam in the navy will give
some idea of the state of affairs at the
time of the Crimea.

" Steam," he says, " was thought of

little importance. There were no facili-

ties for the training of engineering offi-

cers, who seemed to be regarded by the
Admiralty as a necessary, but most in-

convenient, evil.

" My early recollection is that most
of the engineers of this time,—there
were exceptions, of course,—were men
who entered from the engineering works
ashore, men of the roughest habits and
speech, not even representative of the
type of foremen in works at that period,

for the terms offered by the Admiralty
would not tempt the best men from their

shore employment.
'

' They were a class unto themselves,
and only the chief was in the wardroom

;

the others had a mess of their own, just

as the warrant officers and midshipmen
had. At this time the engineer officer

was a rough-cut diamond, who came to

sea with all his imperfections thick upon
him straight from his life ashore."

Another officer who remembers the
engineer officers of these times records
that his memory is that they were very
low down in the social scale, and their

duty was thought less highly of than
that of the locomotive driver of to-day;

the engines were very simple, for it was
not until 1853 that high-pressure steam,
—the Malacca had steam at 60 pounds,
—was used. It was only very slowly
that the authorities awoke to the fact

that steam was to play a large part in

future naval development. They put
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off the evil day of steam as long as pos-

sible, deeming it unnecessary to enter

into the question as to how far the power
of the steam engine might be made ap-

plicable to the general purposes of navi-

gation.

Later on, when screws were pressed

on the attention of the Admiralty, they

solemnly sat in judgment upon the in-

novation, and in the period preceding

the Crimea declined to entertain the

project of fitting the screw to navy ves-

sels. They came to the conclusion that

under some circumstances steam was
serviceable for use in small ships and
tugs, but it was a long time before they

could be convinced that it was desirable

to use it as the main motive power of

ships of the line. Since they thought

so little of steam, it follows that they

held in no esteem those who were en-

trusted with the care of these revolu-

tionary agents.

The Admiralty was ruled by " salt

horse
'

' sailors, and they could not bring

themselves to believe that the old, dearly

loved sails were doomed; they did not

conceal their feeling that with the ad-

vance of the steam engine would come
the end of British mastery of the seas.

They fought the steam engine with the

deep conviction that, in so doing, they

were acting in the best interests of the

nation. Even as late as the Crimean
War a large part of the British squad-

rons consisted of sailing ships, innocent

even of steam for auxiliary purposes.

As the importance of steam was forced

to the front, the grievances of the engi-

neer officers began to come to a head.

This was due not only to the augmented
use of machinery for propelling and
other purposes, but to the improved
status of the officers who were trained

in the Engineering College, which was
first established at Portsmouth, in the

old Marlborough. Later on a rival was
erected at Devonport, and in 1880 a

large college was erected at the latter

port, at which practically all engineer

officers have since been trained.

Students have been drawn from all

classes of the community which are able

to bear the cost of the training. The
parent of each student has to provide

an outfit on joining, which costs about

^35, and during the course of study the

disbursements which have to be made
amount to about ^60 a year. On the

other hand, a certain number of entries

into the Engineering College have been
reserved for the brightest boys from the

dockyard schools, shipwright appren-

tices, who by their application have
shown themselves to merit official en-

couragement. These students, many
of them the sons of parents in the hum-
blest of circumstances, have provided
the fleet with some of its most practical

and skilled officers. Students who do
best at the final examination go to the

Royal Naval College at Greenwich.

The mixed system of entry for the

commissioned ranks of the navy did not

work well. Cadets for the executive

line entered on the nomination by the

First Lord of the Admiralty, while their

colleagues in the engine room joined by
open competition. The one line was
aristocratic, while the basis of the other

was strictly democratic. The engineer-

ing profession was free to any boy who
could produce satisfactory reports as to

character, satisfy the health standard,

and pass the necessary examinations.

Moreover, as engineering ashore rose

in estimation, a higher standard of

student was attracted to the fleet, and
there gradually gained in volume com-
plaints that the naval engineers were not
well treated by the Admiralty, that they

were suffering under grievances, and
the competition for entry to the college

fell off as a result. In a few years the

agitation for reform became known as

the " engineering crisis," and year by
year when the navy estimates came be-

fore the House of Commons debates

were raised on the disabilities of this

important class. At last the North-East
Coast Institution of Engineers and Ship-

builders, under the leadership of Mr.
D. B. Morison, boldly championed the

case of these officers, and in 1902 their

grievances were set out in a memor-
andum which was signed on behalf of

this body and the Institute of Marine
Engineers in London and South Wales.

This statement was presented by a depu-
tation which Sir Fortescue Flannery
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had arranged to introduce to the First

Lord of the Admiralty. In this memor-
andum the signatories stated:

—

'

' The above named engineering in-

stitutions deem it their duty to record

and submit their opinion that the pres-

ent constitution and organisation of the

Engineer Branch of the Royal Navy
do not admit of it efficiently fulfilling

its important functions.
" The causes of inefficiency may be

divided into two classes:— (1) those

which create dissatisfaction and deter

the enlistment of desirable candidates,

and (2) those which relate to the num-
bers, training and organisation of the

engine room complements.
" We are of opinion that the primary

cause of the unpopularity, inadequacy,

and consequent inefficiency of the Engi-

neering Department is its inclusion in

the Civil Branch of the service, whereby
the executive authority and status of its

officers are rendered incommensurate
with their duties and responsibilities.

" We, therefore, recommend that the

Engineering Department be embodied
in the Executive Branch of the service,

and that its officers be endowed with

executive rank, accompanied, however,

by executive control restricted to their

own department.
'

' The Engineer Branch being a large

and important factor in the war efficiency

of the Royal Navy, it would appear that

it should be adequately represented on
the Board of Admiralty.

" In view of the technical nature of

the issues involved in courts martially

affecting the engineering personnel,

such courts should comprise a propor-

tion of engineer officers.

" The existing system under which
junior engineer officers are appointed
' in lieu of ' senior officers, and are thus

called upon to undertake the duties and
responsibilities properly attaching to the

higher rank, without receiving that rank
and the corresponding rate of pay, is

obviously unjust, and should be sup-

pressed.
" The proportion of engineer officers

of higher rank than ' fleet engineer ' is

at present discouragingly small. We
are also of opinion that some attempt

should be made to render the Engineer
Branch more attractive by a revision of

the scales of pay and pension.
'

' In view of the rapid evolution which
has taken place during recent years in

engineering as applied to naval pur-

poses, we are strongly of opinion that

the whole question of the education and
training of the engineering personnel

should be thoroughly investigated.
" The total numbers of the trained

personnel of the Engineer Branch at

present fall so far short of the require •

ments of the service that it is impossible

to provide ships in commission with en-

gine room complements which are ade-

quate in numbers, skill and experience.
'

' Some of the causes above referred

to have so far discouraged candidates

that the number of entries into the En-
gineer Branch through the normal chan-

nel has decreased to a dangerous extent,

and the Admiralty have had to resort

to expedients to make good the de-

ficiency which have lowered the stand-

ard of the candidates, and tended to un-

dermine the efficiency of the Branch.
'

' The important duties of the ' arti-

ficer ' ratings in modern warships can

only be efficiently performed by thor-

ough^ skilled and experienced me-
chanics, such as the existing conditions

of service have failed to attract in the

required numbers; we, therefore, sub-

mit that increased inducements should

be offered in respect of pay and accom-
modation."

These views were expanded before

the First Lord of the Admiralty, Lord
Selborne, and it will be appropriate to

quote a few significant speeches made
by a few of the deputation in order the

better to understand the full meaning of

the changes which the Admiralty an-

nounced the following Christmas Day.
Sir Fortescue Flannery, in introduc-

ing the deputation, said:

—

" It is fifty years ago since the Steam
Branch of the Navy was established, and
the engineer officers of to-day are of an

entirely different class from the work-
men, who were, in the first instance,

entered to take charge of the engines of

His Majesty' s ships. Not only are they

of a different class, but they have in-



204 CASSIER'S MAGAZINE

creased enormously, both as regards the

engineers themselves and the men placed

under their immediate charge. That is

the case, because the personnel of the

engine room at present is about one-

third of the entire personnel of the whole
fleet. * * *

'

' I remember before the outbreak of

the South African War there were five

candidates for every position which
could be given in the army,—five men
anxious to serve Her Majesty in the

position of executive combatant officers.

I venture to say that the reason that

there is not the same proportion of can-

didates for vacancies amongst engineer

officers is that the engineer officer, al-

though called an officer, is not in reality

an officer; he is a civil servant, and is

not an executive officer, with all the

dignity and position attached to the

holding of His Majesty's commission

under those circumstances.
'

'

Sir John Columb remarked:

—

" The Engineering Branch is still re-

garded as a group of civil units put into

warships, and has neither obtained

organisation nor an executive part in

the ship's complement complete in

itself."

Mr. John Corry, president of the In-

stitute of Marine Engineers, added:—
'

' In times of peace and war the chief

engineer is the most important man on
board your ship, because all the ma-
chinery of that ship is under his charge,

and if he is not a man of power and
ability, or does not know how to use

his power and ability, so as to impress

the personnel of his staff, you will not

have that efficiency which is absolutely

necessary.
" It has been said, and said very

truly, that the position of machinery has

increased enormously. Everything now
on board ship is done by machinery,

and it requires a very able man, and a

very clear-headed man, to be ready and
competent at all times and under all

emergencies, and to make the best of

circumstances that may arrive. You
must have men of first-class ability, and
you must give them that position which
their training, their knowledge, and their

capacity warrants them in expecting."

Such was the case put forward by
the spokesmen of the Royal Naval En-
gineers.

Curiosity was raised to the highest

pitch as to the solution which the Ad-
miralty would find for the difficulties of

the then existing situation. Rumours
were current that they were going to

give way, to a great extent, in face of

the powerful influences at work on be-

half of the naval engineers. On Christ-

mas Day the Admiralty reply was pub-
lished. It made no concession to naval

engineers, but at one blow swept away
the whole existing line and substituted

in the engine room a system similar to

that under which executive officers had
been obtained with so much success.

Students by open competition would
no longer be entered, there would be
no more entries from the mercantile

marine or the dockyards schools; but
all engineer, marine and executive offi-

cers would join at the same age, undergo
at first the same training, and would
begin and end their careers as compan-
ions with the same early memories and
associations and the same social advant-

ages. The naval engineer of the then

existing line was abolished, that all

officers of the fleet might be made into

mechanicians.

In announcing to the country the

revolutionary decision at which the

Board of Admiralty had arrived, Lord
Selborne admitted that matters had
reached a crisis, and that the Admiralty
considered that the solution lay not in

the way of small changes to this or that

class, but in a radical reform, by which
every officer would be given a mechani-
cal training before specialising for his

own line, character would be developed
in a common school, and esprit de corps

cultivated not in one branch only, but

throughout the fleet by all officers pass-

ing through the same course of early

training. Under this new scheme it was
proposed that:

—

"All officers for the Executive and
Engineer Branches of the Navy and for

the Royal Marines should enter the

service as naval cadets under exactly

the same conditions between the ages of

12 and 13, and be so trained as to be
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able to serve in any of the three

branches. They would be educated
and trained together until passing as

sub-lieutenants at the age of 19-20.

"At about the age of 20 these sub-

lieutenants would be distributed between
the three branches of the service which
are essential to the fighting efficiency of

the fleet,—the Executive, the Engineer,

and the Marine. The result aimed at

is, to a certain point, community of

knowledge and lifelong community of

sentiment. It being held that the only

machinery which can produce this re-

sult is early companionship and com-
munity of instruction, the opportunities

will be secured by a policy of:

—

'

' One System of Supply.
" One System of Entry.
'

' One System of Training.

"It is considered," the First Lord
continued,

'

' that entry at the early age
of 12 13 is necessary if the cadets are,

by the age of 20, to receive that in-

creased professional education which is

required to qualify them to become com-
missioned officers; and it is not consid-

ered that it would be compatible with

the welfare of the service if they were
to become commissioned officers at any
materially later age.

"Appointments to naval cadetships

will be made by limited competition

after nomination. In the nomination
of candidates, preference, other things

being equal, will be given to those boys
whose parents or guardians declare for

them that they are prepared to enter

any one of the three branches of the

service at the termination of their pro-

bationary period of service afloat.
'

' The nominations will be made three

times a year, six weeks before the date
fixed for the examination of candidates.

" Cadets will remain under instruc-

tion at the Royal Naval College for four

years before going to sea, and they will

all receive similar instruction, which
will comprise an extension of the Brit-

annia course, including elementary in-

struction in physics and marine engi-

neering, with the use of tools and ma-
chines in connection therewith. The
object of this course will be to give
them a good grounding in the subjects

necessary to their profession, and at the

same time such a general education as

will enable them to grasp the theory of

their future subjects of study, whichever
branch they may eventually join.

"At the end of this period the cadets

will go to sea and become midshipmen.
Special attention will then be paid to

their instruction in mechanics and the

other applied sciences and to marine

engineering. The instruction of the

midshipmen in seamanship will be given,

as at present, by an executive officer

deputed by the captain; otherwise it

will, under the general responsibility of

the captain, be supervised by the engi-

neer, gunnery, marine, navigating,

and torpedo-lieutenants of their respec-

tive ships; they will be examined an-

nually as to their progress in seaman-
ship, navigation and pilotage, gunnery,

torpedo work, and engineering, all set

papers being, as at present, sent from

the Admiralty; and at the end of three

years every midshipman who has passed

the qualifying standards at the last an-

nual examination and the final examina-

tion in seamanship before a board of

three captains or commanders (consti-

tuted as at present), will become an

acting sub-lieutenant, and return to

England.
" These acting sub-lieutenants will

then go to the college at Greenwich for

a three months' course of mathematics

and navigation and pilotage, followed

by an examination, and afterwards to

Portsmouth for a six months' course in

gunnery, torpedo and engineering, at

the close of which they will be exam-
ined, receive their classification 1, 2, 3
in each subject, and on passing out be

confirmed in the rank of sub-lieutenant.
" When the young officers, aged 19

to 20, have passed out of the college at

Portsmouth as sub-lieutenants, and have

gained their classification in the differ-

ent subjects of the examination, their

careers for the first time will begin to

diverge, and they will be posted to the

Executive or to the Engineer Branch of

the Navy, or to the Royal Marines.

As far as possible each officer will be

allowed to choose which branch he will

join, but this must be subject to the
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proviso that all branches are satisfac-

torily filled.

" No sub-lieutenant will be compelled
to join a branch for which he did not

enter as a boy when applying for a

nomination, but in giving nominations
for competition for entrance to the Brit-

annia, preference will (other things being
equal) be given to those boys whose
parents or guardians declare for them
that they will be ready to enter either

of the three branches of the service.

The Board of Admiralty will thus have
in reserve a means of remedying a sur-

plus or deficiency in either of the three

branches, and of insuring that every
branch receives a due proportion of the

most capable officers.
'

' The sub-lieutenants of the Engineer
Branch will go to the college at Keyham
for a professional course, the exact dura-

tion of which will be determined with

great care. At the expiration of this

course a proportion, to be equally care-

fully determined, will be selected to go
to Greenwich for a further course, while

the remainder go to sea. They will

then, if found qualified, all be promoted
to be lieutenants under the same condi-

tions as the executives."

Up to the age of 19 or 20 years the

future naval officer, to whatever special

line he is to be detailed, Executive,

Engineering or Marine, will pass

through the same course, and then at

19 or 20 his training becomes special-

ised. If he should choose executive

duties, he will devote himself to naviga-

tion, gunnery or torpedoes; if he should
prefer or be selected for engineering,

then his studies will become special to

this profession; and if he is to be a sea

soldier, he will spend part of his time at

the Naval College and part at the head-
quarters of his corps.

The British naval scheme has been
much misunderstood, and it has been
repeatedly claimed that it is merely the

. same as has been applied to the naval
service of the United States. This is a
complete misapprehension. In Great
Britain a good deal has been made of

this resemblance; but it remained for

Mr. Moody, the Secretary of the United
States Navy, to point out the vital dif-

ferences, which render the study of the

two methods of training and entry so

very interesting.

On the two sides of the Atlantic are

being tested two schemes which embody
practically in more or less complete

forms the views of the different schools

of thought, and the authorities of other

navies, before taking a plunge them-
selves, are looking on to see the success

or non-success of the rival plans.

As Mr. Moody has pointed out in his

report :

— '

' In comparing the two systems

it is obvious that both proceed upon the

theory that the best results can be
secured by early companionship and
unity of preparatory instruction, and
there has been provided accordingly,

for line and engineering officers alike,

in each navy, one source of supply and
uniformity in entry, study, and general

training.
'

' The vital point of difference between
the two systems is found in the fact that

in the British navy a junior officer upon
reaching the age of 20, or thereabouts,

is assigned to one of the three branches

of the service, and, thereafter, pursues

accordingly a specialised course of study

and training in the duties of the line,

engineering, or the marine corps, while

in the American navy no provision is

made for the maintenance of a separate

corps of naval engineers.
" Minor points of difference between

the British and American systems are

the following:

—

" 1. In the British service nomina-
tions of candidates for naval cadetships

are made by the First Lord of the Ad-
miralty, with the exception of a limited

number placed at the disposal of certain

officials; while all appointments to the

United States Naval Academy are made
on the nomination of Senators, members
of Congress, or the President.

"2. In the British service cadets

enter between the ages of 12 and 13.

Midshipmen enter Annapolis between
16 and 20.

" 3. Cadets entering under the Brit-

ish regulations pay ^75 per annum, a

limited number, however, being ac-

cepted upon payment of ^40 only. In

addition, British cadets are charged with
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certain incidental expenses. On the

contrary, midshipmen at Annapolis re-

ceive pay at the rate of $600 per annum,
with certain allowances."

In a supplementary statement issued

by the First Lord of the British Admir-
alty, the declaration is made that future

Boards of Admiralty may provide for a

complete interchangeability of line and
engineering duties; but that at present

the division of duties shall remain defi-

nite, without interchangeability.

The British Admiralty has given as-

surance to those electing engineering

duty that the rank of engineer officers

will be assimilated to that of executive

officers, it being provided that the en-

gineer officers will wear the same uni-

form and bear the same titles of rank,

e. g. ,
" sub-lieutenant (E)," " lieuten-

ant (E)," " commander (E)," " cap-

tain (E)," and " rear-admiral (E)".
The Admiralty also declares that the

Engineer Branch will receive additional

pay, and although it is proposed to

make the divisions into the various

branches definite and final, every en-

deavour will be made to provide those

who enter the Engineer Branch with

opportunities equal to those of the Exe-
cutive Branch, including the same op-
portunity of rising to flag rank.

In no other navy in the world have
the authorities had the temerity to face

the problem with the boldness evinced

first by the Washington Department
and then by the British Board of Ad-
miralty. Those in control of foreign

fleets recognise that the time for some
change has .come, and they are watch-
ing the results in America and in Eng-
land in the hope that they may see the

right solution.

The day of the triumph of elec-

tric, hydraulic and steam engines has
dawned, and every naval officer of the

British Navy must be a mechanician.
There is no room in the new fleets com-
ing into being for " salt horse " lieuten-

ants. In a floating fortress, in which
everything is done by machinery, the
old sailorman type is out of place.

There is no niche for him.

It may be that in time we shall have
engineer officers flying their flags in

command of British fleets. The pros-

pect would have been considered bur-

lesque by the executive officers of a few
years ago, but it is now a prospect

which is recognised as not only within

the realms of possibility, but as a prob-

able outcome of the apotheosis of the

steam and hydraulic engines and the

electric dynamo at sea.

Lord Selborne has definitely stated

that he has purposely left the door open
so that his successor, with full knowl-
edge of the results of the reforms lately

introduced, may act as he thinks fit.

For the present, the young officer who
chooses or is selected for the engineer-

ing line has his career fixed for life. If,

however, a captain finds that a Nelson

has by mistake got into the engine

room, it will be within his power at any
time to recommend that he should be

shifted to the Executive Branch.

The scheme is still in its infancy. It

may be criticised on many points, but

now that the British authorities have

taken the final step and founded a new
establishment for the young cadets at

Osborne, as a feeder for the Britannia

College, there will be no turning back.

This has been most clearly stated, and,

consequently, for the time opposition

has died down.
Opponents, however, are merely wait-

ing their opportunity. The first flaw

will be seized as a weapon for attack.

It is realised that a change was neces-

sary so as to bring deck officers into

sympathy with and knowledge of the

machinery of the ship; but the revolu-

tion lies not so much in this quarter as

in the sweeping away of the democratic

line of engineers and substituting for

them officers of the same social status,

ideals and aspirations as their comrades
on the quarterdeck. The existing line

is to be retained only until the new line

is ready to take its place.

This is the most noteworthy change
in the manning of the British navy
that has ever been carried out, and
it remains to be seen how far the engine

room attracts cadets entered on this sys -

tern, and also how far it is possible for

them to become efficient, practical engi-

neers under the new scheme.



BIG MACHINE TOOLS

By Joseph Horner

T
HE problem of the

big machine tool

becomes more
complicated than of

old, because dimen-
sions have increased so

greatly. The points of

similarity between
the tool of me-
dium size and the

mammoth one are

dwarfed beside
their differences.

Mass requires so-

lutions of a different kind from those

which are applicable to the ordinary

machines. It affects both main designs

and details, methods of operation, and
questions of manufacture, transit, and
fixing, so that a big tool is not merely
a common article magnified, but is in

most respects a new design, which has

to be treated on independent lines. The
experience gained in one is only partly

helpful in the other. It is the old di-

vision between light and heavy repeated,

—groups which are judiciously kept
distinct in all departments and in all

the shops which constitute a factory.

There is another aspect of the big

tool, namely, the rivalry between it and
the portable type. The relations be-

tween the two broad systems are being
intensified, for never before have so

many portable tools been in service.

The question of bringing the tools to

the work, or carrying the work to the

tools, is one of the interesting problems
of the time, of which it would be unwise
to forecast the issue.

There are many jobs which practically

admit of no choice of method, but there

are large numbers in which the question

of portable versus big tools is yet an
open one. There is no chance for

portable tools, for example, in turning

208

big diameters, or long shafts, such as

those for propellers, or cranks, or for

planing long beds or tables. The true

sphere for the portable tool is in the

drilling of holes, cutting keyways and
slots, planing and shaping comparatively

small faces on large masses, and gen-
erally for attachment to massive mech-
anisms in course of erection.

The alternative to these is generally

expensive hand work, due to the im-

possibility of taking such large pieces

to any machines, or the absence of the

latter, of sufficient capacity to cope with

the work. But the portable machine
tool is a useful alternative for much
work, saving, as it does, the necessity

for providing large and very costly fixed

machines,—a question apart from that

of transportation of work in the shops.

Looking into the details of design of

big machine tools, we note that the fol-

lowing points arise:—First, there is the

obvious problem of mass. There is no
great harm in

'

' lumping the metal
'

'

into machines if small and of medium
dimensions, because it often means a
difference of only a few hundredweights
of metal of comparatively trifling cost.

Such small possible savings should not

be allowed to weigh against the advant-

ages which mass and rigidity confer.

But in the big machines the question

is one often of several tons weight, and
then designs must be carefully worked
out with judicious regard to economy,
obtained by comparatively thin metal,

stiffened liberally, and rendered rigid

by ample bracketing, and a tapering of

metal in some cases on the cantilever

principle, towards overhanging or un-

supported parts.

In other words, suitable outlines,

rather than mere mass, represent the

problem to be worked out. The gen-

eral outlines are often made approxi-
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mately parabolic, or cambered, or semi-

parabolic. Snugness of design is also

studied in many ways, as in keeping
tool boxes as closely as possible to their

slides, in bringing beds and screws close

to the areas of severest stress; and where
this is not practicable, then it becomes
necessary to receive the strains on slides

of ample width and length in order to

prevent jerky movements and lost mo-
tion.

Mass, again, involves casting in

pieces, because single castings of ab-

normal dimensions are difficult to make,

as is frequently done in the case of small

machines, engines, and cranes. It is

difficult to make massive castings, be-

cause they require special tackle in the

foundry, powerful cranes, big core-dry-

ing stoves, cupolas, or receivers of large

capacity, and large doors for exit. It

is equally difficult to handle them in the

machine shop, some of the reasons for

which are similar to those just noted in

the foundry, while another is that the

machine tools are too small to deal with

castings of abnormal dimensions except

by the adoption of makeshift methods.

VIEW OF THE 16-INCH GUN LATHE SHOWN OPPOSITE

to handle, to tool, to fit up, and to

transport when finished. There is no
virtue in casting big work whole, though
such jobs are something to be proud of.

A properly built-up casting is just as

rigid and useful as one that is cast en-

tire, and it is generally more likely to

be sound throughout. A big wasted
casting is a proportionately heavier loss

than a sectional one. A fracture, too,

either during erection or while in use,

is of less moment if the frame of a ma-
chine is in sections, which can be read-

ily replaced without great expense or

delay, while a break in a big casting is

a serious thing.

The problem is wholly different from
that of casting numerous parts together,

The fastening of the sections of a

framework together is an important

matter, rigidity, and immunity from

shifting, relatively, being essential.

The contact surfaces must be broad,

provided in many cases with shoulders

or tongues to prevent lateral movement,
and held together with closely-fitting

turned bolts. Large keys also are often

fitted in the joints, to assist in holding,

and to draw the joints up to their proper

bedding.

Akin to the principle of bolting-up of

castings in sections is that of making
the floor plate and the bed plate or the

machine base distinct from each other.

The idea is embodied in the big break

lathes with movable gaps, but it is much
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extended in the wall planers, floor bor-

ing machines, and what are termed floor

machines generally. In these, a big

plate with tee grooves forms the founda-

tion on which, in some cases, the actual

machine is moved about for adjustment,

and fixed to suit work bolted to the

plate.

In other cases the machine is fixed,

and the work is adjusted and bolted

down. This is a very accommodating
method of working, and if the plate is

of sufficient area, and several machine
heads are provided, a number of sepa-

rate castings can be tooled in various

ways when there are no castings of the

largest sizes waiting to be done. In

this way the utility of the machine is

increased, and it need never stand idle.

An extreme illustration of providing a

separate heavy base is that of casting

the anvil of a steam hammer in position,

which has been done in some cases.

When machines grow to unwieldy
dimensions, the cast iron girder or beam
often gives place to the built-up plated

member. Though cast iron is more
rigid than rolled steel, yet the latter

can, by judicious arrangement of the

material, be made equal to withstanding

all vibratory strains imposed upon it.

Moreover, though large castings are

not easily made soundly, plated steel is

usually homogeneous throughout; and,

further, as long castings must generally

be bolted-up in sections for convenience

of manufacture and of transit, there is

no objection to the parallel case of rivet-

ing, since long riveted work can also be
made in sections. The reliability of

plated work is mainly a question of the

care exercised in workmanship, e. g.\
planed joints, drilled or reamered holes,

and close-fitting rivets.

The low elasticity of cast iron is not

calculated to withstand sudden and
severe strains without risk of cracking,

so that from this point of view the

greater elasticity of a plated framing

should be advantageous. The ideal

strength would be that which is amply
rigid under all ordinary stresses, but
sufficiently elastic to withstand severe

and abnormal ones due to accidental

occurrences.

The limitations of plated work are

these:—All sliding bearing surfaces

must be of cast iron or gun-metal;
hence, if mild steel is used for main
framings, the sliding portions must be
of cast metal attached thereto. This is

hardly good practice, and in such cases

cast frames are employed. Rut for

stretchers and main framings plating is

eminently suitable.

Another aspect of the subject is this:

—Since in heavy machines everything

must be on a massive scale, two prob-

lems are involved that offer no difficul-

ties in the case of ordinary dimensions,

namely, counterbalancing and power
operation. Thus, on a small planer or

vertical lathe, the cross-slide is raised

and lowered by hand-operated gears.

On a small boring machine the head can

be elevated and lowered by hand. But
as mass increases, these operations de-

mand the application of power, from
belt or motor, which must move the

parts at a fairly rapid pace, in order to

save time. Exceptionally fine adjust-

ment is not necessary, because the final

small movements are given by the lesser

slides, which are moved by hand.

Thus, on a planing machine, the cross-

rail would be elevated by power; but

the tool box slides,—hand moved,

—

provide a few inches of adjustment for

setting in the cut.

Frequently nowadays separate motors
are provided on the largest machines for

effecting these auxiliary motions of

slides, a function apart from the actual

driving of the machine. An interme-

diate stage is reached when gears are

introduced, in order to ease the labour

of operating screws and slides by hand,

cases in which no gearing is necessary

on small machines. Thus geared move-
ments become essential on the poppets
of big lathes which have to be racked
bodily along the bed, and the spindles

of which have to be thrust and with-

drawn by the help of gears.

Counterbalancing is very essential to

lessen the strain on the gears and screws,

and to prevent jerky movements, as

well as to diminish wear and friction be-

tween the slides. In the big machines
the tool slides have to be balanced sepa-
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rately'from the main cross slides, and
this often necessitates a somewhat com-
plicated arrangement of chains and pul-

leys.

Support has to be afforded to long

and heavy screws by tumbler brackets,

to prevent sagging at stages intermedi-

ate with the bearings. No lead screw

of 3 or 4 inches in diameter on a long

lathe can possibly be self-supporting,

and the need of making the brackets to

fall over and return after the passage of

the slide rest is obvious.

Another case of support afforded to

long shafts is seen in some big bending
rolls. The usual practice has been to

increase the diameter of these rolls in

proportion to length, thus making them
rigid in themselves. But it has still

been found difficult to maintain the same
thickness in the rolled plates over the

central areas as at the edges, since a

very slight amount of spring suffices to

make y% inch of difference. The im-

proved device consists in taking the

spring of the rolls against a cambered
girder; the latter is provided with fric-

tion rollers which receive the pressure

of the top rolls of the machine. The
latter are then kept down to reasonable

dimensions, and are, in fact, small by
comparison with those which have to be
made stiff enough in themselves. This

is one result of the use of steel boiler

plates i^ to i y2 inches thick demanded
by the present pressures.

The bearing problem does not weigh
very heavily on the big machine designer,
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because speeds are compar-
atively low, although at the
same time rigidity and free-

dom from chatter must be
guarded against. Bearings
of gun-metal or of cast iron

are suitable for nearly all big

machine shafts and spindles.

The ball bearings of the
smaller lathe spindles and
drilling spindles are, there-

fore, not wanted in the larger

shafts and spindles of the big

tools. In the vertical lathes,

however, a special problem
arises,—that of the bearings

for the vertical spindle. In

the earlier types this had a

neck with the section of the

Schiele curve, which is an
ideal form. In later ma-
chines an approximation to

this is employed, flat, coned
surfaces being used, as being
more easily machined. A
large surface support is given

on the back of the face-plate

when doing heavy turning.

For boring and turning of

small diameters at high
speeds the spindle is lifted

clear of this face, and it runs

on the spindle alone.

The attendant of the big

machine is dwarfed beside it.

Two results follow, one being
that he must be accommo-
dated with a seat or a plat-

form, which, in some cases,

must travel along with the

work or the tool-slide. The
other is that all or most of

the operating handles must
be brought to one location,

close within his reach, if long
perambulations about the

machine are to be avoided.

A necessary equipment of

some big machines is a crane

for handling work of a re-

petitive character, and' so

prevent holding up the shop
travellers which are wanted
for the general service. Gen-
erally these are hand cranes,
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but we may expect to see light electric

cranes and hoists attached to the big

tools

The tendency of design in the smaller

machine tools is to restrict the range of

their operations, in order to render them
suitable for producing specialties. But
the tendency in big tools is in the other

direction, namely, to increase their

range of utility. The reason is that a

large machine with a very restricted

scope of operations would seldom be

employed profitably all the time, and
the capital outlay on it is too great to

permit this. Hence, we have extension

boring and turning mills; combined
planing, drilling, milling, and tapping

machines; heavy break lathes capable

of doing work between centres, turning

face work, and screw-cutting; duplex

boring mills with adjustable centres,

capable of being operated simultaneously

or independently. The capacity for

work is also increased by multiplying

tool boxes, as in big planers, which
have boxes on uprights and cross rail,

all capable of simultaneous operation

when necessary.

This multiplication of operations re-

sults in saving much transference of

work to other machines, which is a very
important consideration when mass, is

concerned. A big boring mill fre-

quently has an extension arm fitted to

the cross-slide, reaching out over the

table, to do boring that could not be
performed by the ordinary tool holders.

An addition of another kind has been
made by one builder in the shape of a

rear tool column attached to the base

behind the table, and having a hori-

zontal tool bar for turning.

Another example is seen in the heavy
turret lathes in which turret and cross-

slide operate numerous tools, some of

which are little complicated machine
tools in themselves, instances occurring

in the more elaborate box tools fitted

with slides, springs, and various auto-

matic movements for bar and casting

work.
Another variation in old practice

brought about by the increasing size of

machines consequent on growing mas-
siveness of work is the travel of tools

3-4

over the fixed work. This is adopted
on planers and milling machines. It is

then possible to maintain rigidity only

by bases of large area to the columns,
and slides of great length and width,

combined with excellence of fitting, and
means for taking up wear immediately
it becomes apparent. Metal must then

be massed about the bases, and light-

ened in the upper parts of the standards.

The question of driving big machine
tools is simplified by the electric motor.

Long ago the growth of large machines
used by boilermakers for steel work oc-

casioned the introduction of the inde-

pendent drive, effected by means of a

steam engine attached directly to each
machine. But that does not meet the

case of the big tools of the machine
shop, in which two or more movements
are involved, each absorbing different

degrees of power, and to each of which
a separate motor can be fitted, with the

subsidiary advantage that there is no
trouble about the direction of drive of

belting.

Machines driven electrically can be
set in the positions which are most con-

venient for the shop arrangements and
the handling of work, instead of being
controlled by the position of the line

shaft. In some of the heavy boiler-

makers' rolls two sets of steam engines
are fitted, the main ones for driving, the

smaller ones for elevating the girder to

give the plate thickness to be rolled.

In this way the idea of fitting several

motors to a machine has, therefore,

been anticipated.

The difficulties of belt-driving increase

with the power absorbed by machines.
Long drives are difficult to obtain in

shops, and short ones do not admit of

the sag which is desirable in an ideal

drive. A short, wide, thick belt is dif-

ficult to keep in working order, and the

bearings adjacent are greatly stressed.

Link belts are, therefore, often substi-

tuted with advantage in such cases.

Rope drives are not common on ma-
chine tools, though used freely in one
notable works in Belfast. The electric

drive has come opportunely here,

though the high motor speed involves

more reduction gear than it does on the
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smaller, quick-running machines. But
a good worm gear again solves this

difficulty.

)" The increase in dimensions of ma-
chines has thus been conducive to an
extension of electric driving, and in a

similar way to that of overhead travel-

lers. The necessity for power move-

driving, with also the cross- slide eleva-

tion sometimes. When an independent
standard and tool box is fitted, the case

is analogous to that of the auxiliary hoist

in a crane, and a separate motor is fre-

quently attached.

The erection of the big machines has

to be done under conditions different

LARGE AUTOMATIC GEAR CUTTER FOR INTERNAL OR EXTERNAL GEARS USED IN GUN TURNTABLES.
MAXIMUM RADIUS 12 FEET. CUTS UP TO 4 INCHES PITCH. THE CUTTER IS l6 INCHES IN DIA-

METER. BUILT BY SIR W. G. ARMSTRONG, WHITWORTH & CO., LTD., MANCHESTER

ments of the parts of mechanism, each
part requiring different amounts of

power, affords just the opportunity for

individual motors selected for the spe-

cial duty required. The three move-
ments of overhead travellers, each tak-

ing a motor of a different power, have
their analogies in planing machines, in

the table travel (or the travel of hous-

ings), and in the elevation of the cross-

slide. In the plate rolls it is found in

the driving of the rolls and the adjust-

ment of the top rolls; in planer-millers,

in the table travel and the cutter spindle

from those which are met with when
machines of medium and small dimen-
sions are in question. The differences

are due both to mass and to area. The
foundations have to be broad and deep,

and carefully levelled, and the difficulty

of getting long beds and base-plates

absolutely level can be surmounted only

by employing very true parallel straight-

edges and spirit levels.

The levels of large erections may be
obtained or checked with the theodolite.

The difficulties of erection are increased

by the bolting of members in lengths,
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and by the fact that the entire lengths

of the longer entire beds and slides can -

not be tooled at one setting, two or

more fixings for machinery being neces-

sary, at each of which error is liable to

occur. Mutual corrections of large

areas are also much more labouriously

done than are those of smaller dimen-
sions.

The erection of heavy machines is a

slow job in the absence of powerful over-

head cranes. Pulley blocks are always

available, and these have to be used if

ample crane power is absent, as it fre-

quently is, and then the movements are

very slow. Pieces of awkward shapes,

of large areas, or which are inconven-

ient to sling so as to balance, present

other difficulties, because they are too

massive for the workman to steady with

the hands. In such cases extra sling

chains may have to be attached to out-

lying portions of the job to balance the

mass. Or, when the piece has been
slung and located somewhat approxi-

mately to its position, an extra rope or

chain may be rigged up to pull the out-

standing portions up true to their seat-

ing, a frequent instance being that of

castings fitting on vertical faces.

Another problem, apart from that of

manufacture, is that of transport, intro-

duced by the question of mass. When
big machines are built by firms for their

own use, this problem may be mostly
neglected; but not when sectional parts

have to be conveyed over railways and
under tunnels and arches, or have to be
shipped abroad. The question of crane
power available at wharves and sidings

will have to be ascertained, and weight
kept down to the limits which can be
handled with safety at all points of the

route. Thus the designer of heavy tools

must take note of the entire movements
for the parts from the place of manufac-
ture to their ultimate destination, if he
would avoid an awkward contretemps

at some stage, or stages, of its journey.

These are the leading problems and
aspects of the big machine tools of recent

years. It is hard to say when the limit

of size will be reached. As long as the

dimensions of ships are increased, and
the diameters of electric generators, the

size of guns, etc. , the growth must go
on. Plates, forgings and castings, and
the demands for higher speeds, feeds,

and duties, the growth of the high-speed
steels, and lastly the need for bigger

machine tools to manufacture new ma-
chines, are all favouring the growth of

more massive structures, with the prob-

lems to which they give rise.



THE TRAINING OF THE ELECTRICAL ENGINEER

By Dr. Loots Bell
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IN
the past few

years there

has been an
almost continual

controversy be-

tween educators,

both here and
abroad, concern-

ing the profes-

sional training to

be given to those

who propose en-

tering upon the

career of the elec-

trical engineer.

In existing
schools engaged
in this important

work there is

small agreement
as to principles

and still less as

to practice, while each can point to

graduates who have distinguished them-
selves, as living evidence of correct

educational doctrines.

One group of excellent institutions

lays great stress on exhaustive labora-

tory courses, dealing with the minutiae

of electrical measurements of every sort

;

another pins its faith to long- continued

shop practice in the designing and con-

struction of electrical apparatus and the

study of concrete commercial forms of

electrical machinery; a third devotes

the major part of its energy to the mathe-
matical side of the subject, using shop

and laboratory chiefly for purposes of

illustration; and in some places there is

a strong sentiment in favour of inter-

polating a considerable amount of actual

commercial work in the course of the-

oretical and laboratory study.

This diversity of opinion might, at

first thought, be taken as an intimation

that out of the various methods some

must be irremediably bad and lead to

highly unsatisfactory results; but even
were technical education an exact

science, which it is not, a little reflec-

tion would suggest that a diversified

product requires a somewhat wide range

of processes, alike, perhaps, in general

principles, but varying greatly in de-

tails.

The chief difficulty in laying judicious

plans for training electrical engineers

lies in the fundamental difficulty of say-

ing exactly what one means by an elec-

trical engineer. In popular apprehen-

sion he may represent almost any phase

of technical expertness between a boss

bell-hanger and the guiding genius of a

great industrial organisation. Both ex-

tremes are necessary in the world's work,

together with, all the degrees which lie

between. It is quite impossible to

formulate a course of instruction equally

well adapted for turning out as a finished

product the bell-hanger and the guiding

genius and practically very difficult to

adjust a curriculum to suit even a much
narrower range of requirements. Even
an attempt to forecast the probable de-

mand for different classes of technical

graduates is somewhat futile, for this

demand varies almost from year to year.

One thing, however, can be set down
as certain, that the demand for guiding

geniuses is very small, even though it

more than equals the supply. The day
has gone by in which the cub engineer

was hardly out of sight of the maternal

lair before he became the proud orig-

inator of a " system
'

' exploited by
silver-tongued agents and heralded by
the blare of reportorial trumpets. Get-

ting ahead is hard, gruelling work now
in any one of the score of crowded
branches of the electrical profession.

The student who starts in electrical

engineering to-day must make up his
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mind to a long, steady pull to gain a

vantage ground, and an unceasing fight

to maintain it. He may as well rid

himself of illusions at the outset and
settle down to win his way by hard
work. The first thing is to get as thor-

ough a general training as time and
means permit. There is a considerable

temptation both for institutions and in-

dividuals to enter upon a policy of spe-

cialisation in certain branches of applied

electricity. For the average institution

or man it is likely to be a policy of dis-

aster, since it necessarily narrows the

available market for the product.

This is a general principle to be borne
in mind. The bane of modern indus-

trial life is the tendency which makes,
let us say, a machinist an operator on a
" No. 6 A Cyclone automatic screw
machine," instead of an intelligent and
resourceful craftsman. Once out of a

job in his narrow field, he has nothing

else to which he can turn his hand for

a livelihood.

In similar fashion an engineering

student who has, for example, special-

ised in machine design, finds, at grad-

uation, his particular qualifications at a

discount, save in a comparatively small

group of manufacturing establishments.

Of course, in some instances he has a

line of work already mapped out, and
is really in training ior a place reserved

for him; but such luck is very excep-

tional. And furthermore, in institutions

which tend somewhat to specialisation

the lines chosen for particular develop-

ment are rarely those which will give

the graduate the broadest opportunity

for success. The common tendency is

to train men for factory engineering

rather than for the broader field of out-

side work. If one wants a man for the

draughting room or the testing depart-

ment of an electrical works, he can

easily be found among technical grad-

uates. But men capable of grappling

intelligently with the problems of the

constructing engineer, and, above all,

men able rapidly to master the multi-

farious technical details of operating a

plant, are by no means easy to find.

Yet for every man required in the

design and testing of electrical machin-

ery a score are needed to install and
operate his output, and the earning

capacity of the installing and operating

force, man for man, is quite as great as

that of the construction force. One
naturally raises the objection that in-

stallation and operation are subjects im-

practicable to teach in a technical school,

and require practical experience.

But, in the first place, there is much
of these things which can be taught,

and in the second place, the same ob-

jection holds with respect to designing

and testing machinery. There is a cer-

tain manufacturing technique which has

to be acquired by experience, and, after

all, the function of education is to put

the student in the way of easily and
quickly acquiring these special qualifi-

cations rather than to give him a deck
load of petty details, which have at best

a limited usefulness.

A technical graduate has to learn

many things before he settles down to

his bearings in practical engineering,

and the very best thing that can be done
for him is to give him the power of

quickly grasping his environment,

whether that chances to be in the fac-

tory or the field.

The principle here involved is a com-
monplace of the higher education in

general. The practical difficulty of the

situation lies not in recognition of the

necessities of the case, but in meeting

them. Alertness and facility of acquisi-

tion are qualities partly inherent in the

individual mind, but susceptible of high

cultivation in many ways. A well-

trained lawyer or a first-class journalist

has them in a very high degree, but

each has gained them by a difficult

schooling. Their desirability, unfortu-

nately, tells us nothing as to the best

method of inculcating them during the

education of an engineer.

Two other qualities, however, the

successful engineer must have pre-

eminently,—initiative and resourceful-

ness,—and these have a more definite

connection with the character and scope

of his training. The former demands a

strong and certain grasp of fundamental

principles and methods, while the latter

requires, in addition, a wide acquaint-
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ance with phenomena. The one con-

notes the power of applying promptly
and accurately theoretical principles;

the other, the possession of data to

which these can be quickly applied.

Given these, the student can safely be
left to work out his own salvation in a

new environment.

The weak point in ordinary technical

education is that the correlation between
these two lines of procedure is too often

very imperfect or altogether lost. There
are, indeed, many points at which the

connection can very easily be missed.

As a rule, electrical theory, as theory,

is better taught than electrical practice;

it is, indeed, far easier to teach. Given
a certain degree of mathematical facility,

and electrical theory, up to the point

required in ordinary engineering opera-

tions, can be acquired by the student

with surprising rapidity. But the power
of intelligently applying it is painfully

rare.

It is most astonishing to note how a

student can run the gauntlet of quizzes

and examinations, with electrical theory
apparently at his finger-tips, and yet

fail dismally when confronted by the

concrete embodiment of the very equa-
tions which he has deftly been juggling.

The fault in this case lies at the door of

the instructor, who has misjudged the

real scope of his work. Sometimes he
may have slipped easily over the appli-

cations from lack of personal familiarity

with their practical bearings; perhaps
more often he has risen so far beyond
sublunary things that the mere existence

of an application robs the theorem of its

interest. There is a certain mathemati-
cal attitude that suggests the presti-

digitator pulling a rabbit from the ear

of the rustic on the front row, and then
proudly expatiating on its importance
as a beautiful example of bilateral sym-
metry.

The necessary thing in inculcating

engineering theory is to drive home and
clinch every principle, never reaching
for another until the one in hand is

firmly in place. And this can never be
done unless the instructor knows accu-

rately what the practical applications of

his theory mean.

Anything less than the degree of thor-

oughness here implied does the student

almost as much harm as good, and
tends to set up an artificial barrier be-

tween theory and practice that is the

cause of as much bickering as a " spite

fence.
'

'

The practical side of engineering in-

volves many more real difficulties in

teaching than does the theory. It re-

quires a large general plant, a large in-

structing force, and a big grasp of en-

gineering details. On its proper ad-

ministration depends the grasp of the

student on phenomena and his power
of applying general principles to con-

crete cases. The field to be covered is

large and somewhat indefinite, so that

a proper balance of material is difficult

to preserve. It is here that the claims

of shop and of testing laboratory come
into active conflict, and in the fracas

other things equally necessary are too

often cast into outer darkness.

Various technical schools differ more
sharply in the distribution of practical

applications than in any other features

of instruction. There are many things

more important to the engineering stu-

dent than the ability to operate machine
tools adroitly, or facility in carrying an
efficiency test three decimal places be-

yond the point justified by his instru-

ments. Nevertheless, the usefulness of

acquaintance with shop methods is not

lightly to be underestimated, particu-

larly when operative engineering is con-

cerned. And likewise it is a good thing

for a student to do one piece of work,

or a few pieces, with the last degree of

refinement, for the sake of learning what
real precision implies. But au large

these things bear about the same rela-

tion to electrical engineering that the

manual of arms bears to military science,

—they have a value as training, but are

important on the real battlefield mainly

as occasional aids to discipline. The
vital thing is technical strategy, which
is not to be learned through mechanical

dexterity or by cut-and- dried tests.

Granted all this, and still the problem
of technical education is troublesome.

The first difficulty to be faced practically

is lack of time. Modern education is a
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perpetual and hopeless struggle to put

a quart into a pint bottle. A young
man comes up to the engineering school

at, say, eighteen years of age, and be-

gins the task of completing a technical

education in four much abbreviated

years thereafter. He has been grad-

uated from a high school with a smat-

tering of many things, knowing few or

none of them with the thoroughness that

really puts them at his command. Very
little that he has learned, save his mathe-
matics, is of any real help to him in his

engineering studies, and, as a rule, his

instruction in algebra,—the key to all

the higher mathematics,—has been both
impractical and insufficient. His alleged

courses in science have been nearly or

quite a waste of time, and the result is

that his first year of work is undertaken
at a disadvantage.

This inefficiency in preparation is

greatly to be regretted, but is not easy

to remedy. The writer strongly disbe-

lieves in early specialisation; but it cer-

tainly would facilitate technical educa-

tion if the student intending to enter a

technical institution could be given

some special attention in the last two
years of his preparation, not at all in

the way of technical studies, however.

More thorough, not more advanced,

mathematical work, and especially more
English and general culture studies, to

take the place of the classics or of in-

fantile science, would give the student

a better start than at present. In fact,

it is altogether probable that a classical

high school, if sound in its mathematics,

serves the purpose quite as well as the

so-called English high schools, the value

of these earlier studies being mainly dis-

ciplinary.

The real truth is that our present di-

vision of secondary and collegiate edu-

cation is artificial and by no means well

suited to secure the greatest good for

the greatest number. The more train-

ing, the better, on general principles;

but it is a fact that under existing con-

ditions a great many promising young-
sters cannot afford the technical training

that is now available, and pass into the

ranks from the high school. Perhaps
few among them would develop into ac-

complished engineers; but many of

them, if given the chance, would be
most valuable in the technical arts, in

the factory and out of it. At present

very little is being done toward training

the non-commissioned officers of the

technical army. A subsidiary technical

school, taking students, say, from six-

teen to twenty years of age, and pre-

paring them to enter the technical arts

or to go on into advanced engineering

studies, would have a great practical

value. In this would legitimately be-

long the training in shop work and
methods for which it is so difficult now
to find a proper place, and for the Eng-
lish studies which are now inadequately

jammed into the interstices of the fresh-

man work of the average technical in-

stitution.

But taking the freshman as he is, the

very unpleasant necessity arises of giv-

ing him not the best possible training

for the engineering professions, but the

best compromise that can be squeezed

into three or four thousand hours in the

class room or laboratory. From this

amount must be subtracted time for

certain general culture studies that have

no direct bearing on professional work,

but yet cannot be omitted from any
course intended to turn out decently

educated young men.
Opinions and practices differ in the

importance assigned to these non- tech-

nical subjects, but perhaps it is usually

too small rather than too great. Pro-

fessor Gradgrind does not represent a

species yet extinct; but facts are really

useful about in proportion to one's

power of co-ordinating them, which, in

turn, depends not on the acquisition of

more facts, but on stopping to think

about the stock already on hand, and
the mind is the fresher for this when it

periodically gets out of its wonted chan-

nel and takes a new start.

And then arises the ever- pressing

question of shop instruction in the me-
chanic arts, in the amount and scope of

which institutions differ more than in

any other one particular. It may range

from a brief course in the use of wood
and metal-working tools to shop work
under almost commercial conditions,
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and in amount a very substantial frac-

tion of the total time devoted to techni-

cal training. Its value depends almost

entirely upon the field to which the

student later devotes himself.

The original conception of the elec-

trical engineer was that of a fellow who
designed and built dynamos, motors,

arc lamps, and so forth; in short, a

manufacturer of electrical apparatus,

either as principal or accessory. The
personage thus defined was a mechani-
cal engineer with a smattering of elec-

tricity, and the more draughting and
shop work he had, the easier would be
his entrance of the factory.

The growth of the electrical art has

radically altered the facts in the case,

although the popular conception is little

changed. The electrical engineer of

the present day may require a knowl-
edge of civil or hydraulic engineering,

of chemistry or of general physics far

more than he needs to make a pattern

or to calculate the deflection of a beam.
Handling men may be of vastly more
importance to him than handling ma-
chines.

To meet these varying requirements,

either the engineer's instruction must
be varied to suit the case, or one must
work, as it were, by general average.

In a course of the length now in vogue
the former alternative is practically out
of the question from mere lack of time,

so that the principle of the greatest good
to the greatest number should prevail.

This undoubtedly tends at present to

the reduction of shop work in a general

course below the amount which would
be really advantageous to the student

contingent later devoted to manufactur-
ing.

Shop practice from the commercial
standpoint cannot be well taught out-

side of a shop which is, in a measure at

least, doing real commercial work, and
this cannot be crowded into a four years'

.
course beginning at the ordinary point

without crowding out other things that

must not be omitted. A recognition

of this condition has led to the inaugura-
tion of some very useful schools in

which shop practice is made a predomi-
nant feature, and also to the suggested

interpolation of one or more periods of

actual commercial work during ihe

course of a technical education. Ihe
latter procedure too often leads to the

loss of the student before his education

is completed.

The school based upon shop work
can certainly do admirable work in train-

ing the non-commissioned officer before

referred to, and there is a steady demand
for foremen and assistants that should

take good care of the product; but no
more than a certain amount can be

crowded into four years of instruction,

and if shop work goes in, something-

else has to go out, so that a course of

this kind comes no nearer to training an

engineer in the general sense than the

broader course does to training a spe-

cialist in machine tool building. Here,

again, one comes upon the disadvantage

of the arbitrary way in which the cur-

rent education is divided.

If the student could come up from a

higher secondary school with English

studies, draughting and shop practice

well in hand, his professional course

could be laid out to far greater advantage

than at present. However, no institu-

tion could well make a requirement of

this sort on account of the existing sys-

tem of secondary education, so that per-

haps the best compromise is the com-
mon one of directing shop practice to

the inculcation of mechanical principles

rather than the acquisition of manual
adroitness or manufacturing methods,

however valuable these may in them-

selves be to a certain limited number of

students.

As regards the balance of various

branches of pure and applied science in

a course primarily devoted to electrical

engineering, the case is not so bad, for

a certain amount of elective work can

be made effective in meeting the varied

requirements of various men, so far as

they can be ascertained. This much is

certain, that the field of electrical engi-

neering is steadily broadening, and that

the training of maximum usefulness ten

years ago does not now retain its supre-

macy. To meet these changed condi-

tions, the educational line of action must

be very essentially modified. Two gen-
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eral courses ol improvement are open.

In the first place, a certain amount of

flexibility can be gained by an elective

system, pushed rather farther than is

now usual in engineering studies, allow-

ing the student, for example, to work
over toward electro chemistry, which is

just now a region of rapidly increasing

importance, or toward telephony, or to-

ward some other of the larger divisions

of the subject.

It is perfectly true that by so doing
he would have to be content with some-
what less of some other subjects, but

what of it ? The fundamental purpose
of professional training is professional

work, not the demonstration of peda-
gogic theories, and some allowance must
be made for the capabilities and neces-

sities of individual men. Of course,

elective systems can be, and sometimes
are, overdone; but this probability does
not detract from their real value. One
can catch cold in a draught, but that is

no valid reason for living with the doors

screwed up and the windows battened

down, nor does the logic of the situa-

tion compel those who believe in venti-

lation to abandon houses and live in

tents.

In the second place, one may frankly

admit that an adequate technical train-

ing cannot be gained in four years of

study, starting from the usual point,

and may add provision for two or more
years of post-graduate study. Very
likely such a course might prove to be
more than most men could afford at

present, and perhaps only a relatively

small body of men are in a position to

greatly profit by it. To a certain and
certainly increasing number, however,
post graduate study is useful and im-

portant, and it is a good sign of the

times to see the extent to which post-

graduate work is already being intro-

duced in various institutions.

But one thing must here be remem-
bered,— that the existence of a post-

graduate course does not excuse mis-

management of the undergraduate
course, which ought to be planned for

the greatest good of the greatest num-
ber, irrespective of the existence of fur-

ther opportunity for study, since it is

not fair to the undergraduate to lay out
his work for the benefit of a relatively

small body of post-graduates. One of

the salient faults of American education
is failure to recognise the plain duty of

the school toward the student who has

not indefinite time at his disposal. It

took a long time tc develop an English
high school system for those who did

not have opportunity to attend college,

and even now the great body of public

school children who never reach the

high school is neglected in working
out fine drawn educational theories

for the benefit of the more fortunate

minority.

This is not a plea for so-called prac-

tical branches as against culture studies

and the fundamental theory that lies at

the root of all practice; it is merely a

demand for so close a welding together

of theory and practice that if you tap

the course at any point you will find

them interlaced like the steel and iron

of a Damascus gun-barrel. Probably

the very best results within the limita-

tions of time imposed can be obtained

by a combination of a certain amount of

undergraduate elective work with an

opportunity for post-graduate study,

never forgetting that it is quite out of

the question by any system of instruc-

tion to graduate a regiment of colonels.

To pass from the general to the par-

ticular, engineering education, like en-

gineering itself, is necessarily a series of

compromises. Its two great branches,

—mathematical theory and laboratory

practice,—have a strong tendency to

diverge, and some freedom of action in

each must be sacrificed in order to keep
them together. Laboratory work itself

has a two-fold purpose,—the acquisition

of familiarity with methods and appa-

ratus and the gaining of initiative in at-

tacking new problems. If the former

fails to run parallel with the develop-

ment of theory, and if theory does not

bear squarely upon methods and ap-

paratus, each has missed its proper

aim.

Experiments merely confirmatory of

mathematical theory, of which so much
use has been made in some misguided

elementary science teaching, are worse
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than useless in an engineering course,

since they distract attention from the real

problem, i. e., the applicability of the

theory in concrete cases. As an exam-
ple, take the law of inverse squares
which turns up so often in physical

science. That a flux proceeding uni-

formly from a point in a homogeneous
medium obeys this law needs no ex-

perimental proof, the mathematical one
being far more rigid than any experi-

ment can possibly be; but the limits of

applicability of the law form a proper
subject of laboratory inquiry and further

mathematical investigation as well.

The law of the deflections of a tangent
galvanometer follows rigorously from
the usual assumptions and needs no fur-

ther demonstration, while the validity

of these assumptions in an instrument
set up in a laboratory full of electrical

currents and iron steam pipes is the
really important question at issue.

The engineering student in his labor-

atory work ought never to be turned
aside from the real problems of practical

engineering and allowed to drift along
through a course of routine experiments
in which his thinking is, for the most
part, done for him, for thinking is what
he needs in his business. Methods and
manipulation can be just as well taught
in useful experiments as in useless ones,

and to far greater advantage.
Practical engineering deals with the

applications of theory under limiting

conditions arbitrarily imposed by the
data of the problem in hand, and gen-
erally quite independent of the funda-
mental equations. For example, it is

not a difficult task to predetermine the

characteristics of a dynamo, or to lay

out a distributing system for equipoten-
tial distribution within expressed limits;

but to design the one so as to call for less

labour and material than the similar

machine of a rival company, or the
other with a limit of cost which must
not be exceeded, calls for qualities

which cannot be developed by the

ordinary routine of the lecture room and
laboratory. The engineering habit of

mind can, however, be cultivated by hard
work on problems which involve arbitrary
limitations of various sorts, and these

are of immense value in gaining initiative.

It is greatly to be regretted that more
stress is not laid on this sort of thing in

the ordinary institution. It is some-
times almost limited to a perfunctory

"thesis" at the end of the course,

while the real necessity is for minor
thesis work all the time. Such prac-

tice, too, is invaluable from the stand-

point of theoretical instruction, for the

theory which is kept fresh in the mem-
ory is that which keeps turning up in

daily tasks. In this particular a well-

planned engineering course can really

be made richer than actual professional

practice, which is apt to settle down into

rather well-defined lines and to stay

there for long periods.

The scope of electrical theory as gen-

erally taught in technical schools is am-
ple for its purpose if the student is suffi-

ciently well grounded to appreciate it.

This he rarely is, for he seldom has

been sufficiently drilled in algebra to

make his calculus easy, and if there are

any two subjects generally taught with-

out proper reference to practical applica-

tions these two are calculus and differ-

ential equations. It is one thing to

make an integration with a certain

amount of deftness, and quite another

to apply the calculus to a disintegrated

mass of data and bring out a coherent

result. It must not be understood that

calculus and differential equations are

the daily food of an engineer in his pro-

fessional work. Far from it; it may be

only once in many months that they

appear upon his menu, but when they

do, there is apt to be no other susten-

ance in sight.

For the purposes of technical educa-

tion, mathematics should be taught as

applied science, the usual gap between
theory and practice being continually

bridged by the application of methods
and formulae to concrete cases. With
a basis thus properly formed, electrical

theory presents no serious difficulties to

the average student, and its application

becomes more than the perfunctory

thing which it now too often is. No
man really appreciates a formula until

he grasps the physical relations of its

parts. It is this which makes the con-
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stant interrelation between theoretical

and laboratory instruction of such funda-
mental importance.

Lack of this, as has already been in-

timated, is the gravest fault that can
exist in a technical course. No man
can become independent and resource-
ful if he has to fritter away his time
puzzling out relations that should have

been interconnected from the beginning.
Engineering is a living, growing sub-
ject. Even the best men can hardly
keep pace with it, and the young engi-
neer needs an athlete's training in the
fundamental exercises that give speed
and endurance. Beyond this, thor-

oughness and initiative are the watch-
words of the profession.

ENGINEERING MATHEMATICS
By E. Sherman Gould, M. Am. Soc. C. E.

HE subject of this

paper was sug-

gested by a peru-
sal of the article entitled
" Mathematics in Engi-
neering," by Mr. Thor-
burn Reid, in the Septem-
ber, 1904, number of this

magazine, and occasion is

taken by the present writer

to enlarge upon a theme
which appears to him to be of the utmost
importance in directing the education
of the engineer.

It is a common saying that engineer-

ing is partly a science and partly an art,

the scientific part comprising all that

can be reduced to figures and put into

a book, and the art covering all that

vast field controlled by genius, skill

and experience which has no formulas,

and where the personal equation is su-

preme.
This definition is largely true:—All

engineering projects pass through three

stages on their way from inception to

accomplishment,—first, the design, or

project; second, placing the design on
paper in the form of working drawings;
and third, the execution of the work as

shown by the drawings, on the ground,
thus giving the design bodily form and
being.

In the first of these stages science can
hardly be said to enter, that is to say,

not in the form generally known as

" mathematics." It is pre-eminently
the field of genius and experience. In

the third stage some mathematics enters,

as far as laying out the work is con-

cerned; but it is the special province of

art, of the artificer, of the skilled con-

structor who is master of good work-
manship in the putting together of

structural materials. Mathematics is

wholly excluded in this work, beyond
the use of the foot-rule, measuring tape,

straight-edge, level and plumb-line. It

is in the intermediate stage, in the pre-

paration of the working drawings, the

fixing of dimensions and proportions,

that science and mathematics come into

full play and reign supreme.
To illustrate:—In 1858 the French

Government decided to undertake works
for regulating the flow of the river

Furens in order to protect the city of

St. Etienne from the inundations to

which it was occasionally exposed. A
long study of existing conditions re-

sulted in the project of an immense
reservoir capable of receiving and stor-

ing the flood waters of freshets, and in-

cidentally aiding the water supply of the

town. This reservoir was to be created

by building a masonry dam, about 170
feet high, across the valley, the dam
forming one wall of the reservoir and
the sides and end of the valley the

others. The height determined upon
was that necessary to give the reservoir

the capacity to fulfill the object for which
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it was built. All this formed the first

stage of the project,—the study of con-
ditions and the determining of the thing

to be done. It called for the exercise

of engineering talent and skill of

the highest order, to grasp the re-

quirements on the one hand, and to

adapt the means of fulfilling them on
the other. But there was no mathe-
matics in it.

The task then passed to its second
stage, namely, the preparing the work-
ing drawings for this great dam, at the

time and for long afterwards of unpre-
cedented dimensions. One dimension
only, the height, was fixed; but how
thick should it be, and what the shape
of its cross-section ?

The first essential was stability; the

second, economy. Stability could be
secured by erecting a masonry bulkhead
of such huge thickness as to manifestly

defy displacement, regardless of ex-

penditure of time and money. But the

point was to secure sufficient, but not
extravagant, strength with the least vol-

ume of material, by the adoption of a

section of equal resistance, so that the

structure should possess uniform
strength in all its parts, not being re-

dundantly strong in one place and only
just strong enough in another.

It was recognised that the securing of

these conditions depended not only on
the amount of material used, but on the

form in which it was placed, because it

was well known that a certain mass of

material possesses a greater or less de-

gree of resistance to destruction accord-

ing to whether it is disposed in one
form or another.

To ascertain this proper cross-section,

that is to say, to select from among
all possible shapes which the cross-

section could assume, the one best

fulfilling the requirements, two steps

were necessary; first, to correctly an-

alyse the nature, direction, and in-

tensity of the forces, both exterior and
interior, acting upon the structure and
tending to destroy it, and then to de-

duce a cross-section or profile such that

its resisting forces at any point could be
equated to the destructive forces at the

same point, the calculation to include a

predetermined factor of safety, or uni-

form excess of strength.

This problem was successfully worked
out by a rigid application of mathemati-
cal analysis. A solution could have
been reached in no other way, and the

result was the establishment of a stand-

ard cross-section, bounded on its interior

and exterior sides by easy and graceful

curves, which at once commended the

design to the practised eye as being

adapted to the ascertained conditions.

Not only did analysis evolve this ap-

propriate form, but it made evident the

fact that such was the only form which
could fulfill the requirements. It was a

problem admitting of only one solution,

and that solution was unerringly and
triumphantly reached. This was the

work done in the scientific or mathe-

matical stage.

The third stage was now arrived at.

The method of executing the work was
entered into. This involved devising a

plan for the diversion of the river while

the foundations were being put in, the

order and routine in which work should

be carried on, and the faithful and skil-

ful manner in which it was executed,

both as regards materials and workman-
ship. All this was art, pure and simple,

and could safely be intrusted to artists

alone, and not to scientists.

Of these three stages, it is idle to in-

quire which was the most important.

Each step was necessary to achieve the

result as a whole, and the work could

not have been carried on without the

concurrence of all. But the title and

scope of the present paper compel us to

concentrate our attention upon the in-

termediate, or mathematical, stage of

the work.
The calculations and investigations

involved in the operations just described

were voluminous and intricate. It re-

quires considerable mathematical ability

to follow them. If it should be neces-

sary to repeat these calculations every

time a high masonry dam were built,

then evidently the work must be con-

fined to a favoured few who were masters

of mathematical analysis. And just here

the methods pursued by the two classes

that Mr. Reid aptly terms the precisians
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and the practicians come strongly in

contrast.

On carefully scrutinising the calcula-

tions of the precisians, the practicians

became aware that they were not so very

precise after all. Important data were
lacking, and had to be supplied by more
or less plausible assumptions. If these

assumptions were admitted, exact results

followed; but it seemed a question if an
elaborate superstructure was not being

reared upon an uncertain foundation.

It also became evident that the exact

theoretical profile could not be followed

out in practice, as it would conflict with

certain principles of good construction.

Moreover, it was soon perceived that,

although the theoretical profile was
bounded by sweeping curves, a very
simple figure, a right-angled triangle

in fact, could be laid off within it that

would account for by far the larger part

of the total area, the remainder forming
merely a border or fringe to the main
figure. A familiar example of this pro-

cess is to be found in text-books on
physical geography, where the general

shape of states, countries and continents

is shown to be formed around certain

plain figures, bounded by straight lines.

It was seen that, no matter with what
scrupulous and minute detail the calcu-

lations of any particular case were
worked out, the result invariably led to

a skeleton composed of a right-angled

triangle, of which the base was from
one third to three-quarters the height,

according to the factor of safety adopted.

The outer and interior curved faces were
merely the covering and filling-out of

this skeleton. It was but a short step

to combine all those considerations of

theory and practice and evolve a typical

profile satisfying them, and susceptible

of simple modifications to adapt it to

any particular case. In a word, the

precisians aimed at a mathematical re-

sult; the practicians, realising that such
a result was as impossible as it was un-
necessary, were satisfied by a safe work-
ing approximation.

The writer thinks that this instance of

the Furens dam is an admirable exam-
ple of the part that mathematics plays

in the genesis of the engineering form-

ula. Analysis of the most refined and
searching character was absolutely

necessary in the first instance. In or-

der to carry on this analysis, data were
indispensable. If they did not exist in

a positive form, they must be introduced

in an assumed or tentative one, and
their truth tested by the outcome of the

calculation.

When mathematics had done its ut-

most, the art of the builder came in to

decide if the rules of good construction

permitted of the execution of the plan,

and finally art and science both com-
bined to embody the results of calcula-

tion in a simple general process admit-

ting of easy application without repeti-

tion of the tedious and intricate work
upon which it was founded.

It will be interesting to examine more
closely the way in which the calculations

of a special case can be transformed into

a general formula. It is astonishing

how many such formulas may be de-

rived by merely treating the problem
algebraically instead of arithmetically,

that is, by using symbols instead of

numerals. When we solve any prob-

lem algebraically, we obtain not only an

answer to that particular problem, but

also a general formula by which all other

problems of a similar nature may be
solved. And not only so, but we get

a formula in which, by the cancelling of

common factors, all data, except those

which are essential, are eliminated.

An excellent illustration of this may
be found in a very familiar example of

maxima and minima given in almost

every treatise on the differential calculus

which is shown in the figure, and enun-

ciated as follows:

—

A boatman at B. in the diagram on
the next page, 3 miles out at sea from

the nearest point A on the shore, wishes

to reach the point D on the beach, 5
miles from A, in the shortest possible

time. He can row at the rate of 4 miles

an hour, and can walk at the rate of 5

miles an hour. At what point C should

he land ?

Using the figures representing the

distances and rates, a simple differential

calculation gives A C= 4 miles.

This, however, is a special solution
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for a special case. If the rates and dis-

tances were changed, the entire calcula-

tion would have to be gone through

with, using the new data. Now, if we
can imagine the above example, as

stated, to be a practical one of frequent

recurrence, it would be very desirable

to have a general formula by which all

such questions could be solved without

each time repeating the entire work.

This is easily arrived at, if we use sym-
bols instead of numerals.

Thus, let A C=x; B C—y; and
A B = a. Let the rowing rate be
represented by R, and the walking rate

by R l
. Then it is readily shown that

the general formula is:

—

a R
x=— . . . (i)

l/R'*—R*

Replacing the symbols by the num-
bers given in the example, we find

This formula not only enables us to

solve very readily all problems of its

class, but it also shows that the total

distance A D does not enter into the

calculation at all, provided it is greater

than x, which, indeed, is a condition of

the problem. It may be remarked that

if A D is not greater than x, or if the

walking rate is not greater than the

rowing rate, no advantage is gained by
the boatman in not pulling directly to

the point D.
But the formula shows us more than

this. If we write it thus,

—

R
[/R* —R*

(2)

we see that not only does not the dis-.

tahce A D enter the question, but the

distance A B = a does not either. It

is only necessary to know the ratio be-
tween x and a. Those familiar with
trigonometry will see that equation (2)
may be written thus:—
Tangent AB C= —^—,

R
„ . (3)

l/R
'

R>

Replacing symbols in (3) by the data
of our example, we find:

—

Tan. A B C= 1.333.
This is the natural tangent of the

angle 53 ° 08'. Therefore, to reach a
point D, the farthest possible from A,
in the shortest time, and with the given
rates, which is what the question re-

solves itself into, a deviation of 53 08'

from the line A B is required. Indeed,
if the question were a practical one, this

would be the most useful information,

because the distances A B and A D
could not be estimated as accurately as

the rates could be.

But this angle can be obtained even
more simply. By a slightly different

process we find:

—

x R
J--R- (4)

That is to say:

—

SmeABC=--~ ( 5 )R
Combining (3) and (5) we have:

—

Cos. ABC (SR* -R*
R'

Incidentally, we have also:

—

a R'
y

i/R*-R*

(6)

(7)

Thus, by treating the question alge-

braically, instead of arithmetically, we
can derive a series of formulas covering
the problem in all its aspects. For in-

stance :—In Rice and Johnson' s abridged
calculus this problem occurs:

—"A
steamer, whose speed is 8 knots per
hour and course due north, sights an-

other steamer, directly ahead, whose
speed is 10 knots, and whose course is

due west. What must be the course of

the first steamer to cross the track of

the second at the least possible distance

from her ? '

'

The experienced calculator would
recognise this problem as belonging to
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the same family as the one just investi-

gated, and would obtain a solution by
a single stroke of the pen. Thus, call-

ing the desired course y,
Q

y =z — = Natural sine 53 08'

Course = N. 53 08' W. Answer.
A marked point of difference between

the mathematics of the precisian and of

the practician is that the former aims at

an exact result as the outcome of exact

methods, while the latter seeks short

cuts to safe working approximations,

and cares not how he reaches them.

He would as lief guess them as obtain

them by the calculus of variations, or

vectorial analysis. Mr. Reid gives ex-

amples of this having been done; but

we must carefully note that a random
guess is not meant, but an intelligent

one.

An illustration:—An hydraulic calcu-

lation, made with the view to ascertain

the piezometric pressure at a certain

point of a given pipe line, worked out

in this form:

—

33 x = 804 — 8 Kjr2 — 4 x.

The solution presents no difficulty.

The number 804 can be transferred to

the other side, the equation squared,

and by any of the familiar methods of

solving adfected quadratics, the value

of x can be obtained as closely as we
care to carry out the decimals. But the

reader will find, if he cares to try it, that

there is a good deal of tedious figuring

before he gets the two roots, x = 20.02

and x= 3 1 . 50, and as both roots are

positive, it is necessary to try which is

the correct one in the given case. By
means of the slide rule, supplemented
by a table of squares and square roots,

a correct answer is obtained rapidly and
easily by the method of successive ap-

proximations, particularly as it is un-

necessary in the class of practical prob
lems to which this case belongs to do
more than get an approximate value

for x.

In this particular case, however, it is

a proof of how easily the mind becomes
a slave to routine, that a still simpler

method was, so to speak, staring the

calculator in the face without attracting

his attention. It should have been evi-

dent at once that, since only a close
approximation was needed, it could in-

troduce but a small error to add the
figure 4 to the quantity under the radi-
cal sign. Thus, without sensible error
we might write:

—

33 x= 804 - 8 l/x2~^4 x + 4
This completes the square, and read-

ily reduces the equation to:

—

33 *= 804 — 8 x+ 16.

Whence:

—

x =20.
When one is confronted with a tedious

arithmetical operation, it is well worth
while to cast about for self-evident short
cuts, which can often be detected by
mere inspection, as in the above case.

Many hydraulic formulas are found
to be susceptible of important simplifi-

cations. For instance, the French en-
gineer Darcy established certain form-
ulas for the flow of water through cast-

iron pipes by mathematical deductions
based upon actual experiment. He ob-
tained in this way the following formula
for the velocity of flow in long pipe
lines, that is, lines of not less than 1000
diameters in length:

—

/D X H
(8)r LX C '

In this formula:

—

V= velocity of flow in feet per sec-

ond.

D = diameter of pipe in feet.

77= pressure head or difference of

level in feet between the points of supply
and discharge, frequently called the
"fall."

L — length of pipe in feet.

C=an experimental coefficient.

Since the discharge Q of the pipe in

cubic feet per second is equal to its

velocity multiplied by the area A of the
pipe in square feet, we have:

—

O aV%±4 (9)LX C
The area of the pipe is the square of

its diameter multiplied by 0.785. Ex-
pressing A in these terms, and passing
it under the radical sign, we have:—

]

n ./0.616 Z?5 H . .

Q = \ Lxc (10)
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The coefficient C varies with the di-

ameter and the condition of the interior

surface of the pipe. For rough cast-

iron pipes, that is, for pipes which have
become somewhat incrusted or tuber-

culated from long service, and for di-

ameters of from 10 inches to 48 inches

(5-6 feet and 4 feet, respectively) the

range of values for C is from 0.00066 to

0.00062. Now these figures do not

greatly differ, and as they depend upon
the greater or less degree of roughness
of the pipe, which cannot be mathemati-
cally fixed and is subject to considerable

variations, we sacrifice but little accu-

racy,—probably none at all,—by calling

the coefficient for this range of diameters

0.000616. Formula (10) then be-

O
1000 Z>5 H

(»)

The factor — in the above is the

head or fall per foot. It may be re-

duced to the fall per 1000 by being
multiplied by 1000. Designating the

fall per 1000 by //, and substituting it

for 1000 — in (n), we have: —

Q= ^DUi . . . (12)

Or, as is sometimes more convenient:

£-=/>• fm. . . (13)

.

Formula (5) may be generalised

thus :—

h7>
=1

• • •

(I4)

As an example in the use of (13), we
may ask, What is the discharge through
a long, rough cast iron pipe line, 2 feet

in diameter, with a fall of 5 feet per

1000? Substituting data in (13), we
have:

—

— 12.66 cubic feet per second.

These formulas will give safe results

for even very rough pipes. A new and

clean pipe line will give a larger delivery

Two very striking instances of the

immense value of simple and readily

applied laws and formulas which they

give, even when only approximations, are

furnished by the use, in steam engineer-

ing, of Boyle's law for the expansion of

gases under pressure and Carnot's

criterion of the efficiency of a heat en-

gine. In this application they are far

from being accurate, but they are so

simple that they are readily grasped by
practical men, and work so entirely in

the right direction that it is not too much
to say that, in the whole range of ther-

modynamics, they have played the most
important part in the development of the

steam engine.

In this sketch the writer has endeav-

oured to establish two facts,—first, that

mathematics lies at the bottom of all

scientific engineering, that it is an indis-

pensable part of the accomplished engi-

neer's equipment; and second, that the

mathematics of the engineer is a differ-

ent thing from that of the astronomer or

the professor. In certain branches,

bridge engineering, for instance, the

difference is less marked, although it is

still there; but in most cases the product

which the engineer receives from the

professor requires to be worked over by
him before he can use it handily in his

business.

It would take too long to express the

writer's views as to what amount and
kind of mathematics, pure and applied,

should be taught in engineering schools,

or what method of instruction should be

employed. He will simply state that,

in his opinion, the courses at present

professed should be largely pruned and
directed into engineering channels, and
that applied mechanics, also greatly re-

duced, should as early as possible in the

course be combined with the mathe-
matics, so as to furnish examples of

practical utility.



THE MAKING OF THE BRITISH MERCANTILE
MARINE

By Brysson Cunningham, B. E., Assoc. M. Inst. C. E.

N a preceding article,*

the writer ventured
to deal with the very

• important subject of

the world's oversea

trade, and to indi-

cate, in diagram-
matic and statistical

form, some of the

more striking in-

stances of activity

and enterprise dis-

played during the

past century by Great
Britain in her commercial
operations upon the high

seas. One sphere of engineering in-

dustry, closely allied to navigation, is

in no less degree remarkable for the

evidence which it affords in confirmation

of this energy in maritime affairs. Ship-

building must almost of necessity be a

staple industry of an insular country

with commercial instincts and world-

wide interests. Reliance by the inhabi-

tants of such a country upon alien trans-

port as the principal, if not the only,

means of communication with other na-

tions, would be a suicidal policy, and a

visible indication of national decline and
impending ruin.

Hence, before making any inquiry

whatever into the matter, it is not un-

reasonable to anticipate the existence in

Great Britain of numerous shipbuilding

centres, combined with considerable de-

velopment in the science and practice of

naval construction. Nor is the expecta-

tion belied. The official returns issued

by the British Board of Trade afford

conclusive evidence upon the point,

even if the fact be not patent from per-

sonal observation. Moreover, these re-

* Cassier's Magazine, November, 1904.
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turns furnish reliable indications, for a

number of years past, of the degree of

activity prevailing in shipbuilding oper-

ations carried on in various countries,

whereby an effective comparison may
be instituted and certain useful and in-

structive deductions made. The object

of the present article is to collate and
present this information in an interest-

ing form.

It would, of course, be idle to attempt

anything in the nature of a lengthy ex-

amination of shipbuilding statistics, even

if returns for an indefinite series of years

were forthcoming, which, indeed, is not

the case. It is not necessary to retrace

one's steps very far into bygone history

before arriving at a period in which con-

ditions were radically different from

those obtaining at the present day.

Records anterior to this date may have

an antiquarian interest, but they are not

of much practical value. The era of the

wooden merchantman in all the glory of

widespread canvas is gone beyond re-

call; it has disappeared as completely

as the three-decker, the gallion and the

trireme. We will, therefore, not pur-

sue our investigations beyond the limit

of half a century; in fact, it is desirable

to confine it to the period subsequent to

the advent of the Great Eastern.

The year i860 marked an epoch in

the history of British shipbuilding. It

was a time of much controversy and

dispute. The old order of things was

passing away. After centuries of sail

power, steam was becoming definitely

and universally recognised as in every

wav superior for purposes oi navigation.

Iron was, moreover, rapidly supplanting

timber in the hulls of vessels, and screw

propellers were usurping the functions

of paddles. Yet the old system died

233
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hard. As much as two-thirds of the

tonnage added to the British register at

this date was wood-built, and the finest

vessel of the day was a paddle steamer.

Wood, in fact, continued to be more
largely used than iron for nearly another

decade. Despite, however, the most
persistent and zealous opposition of con-

servative ideas, revolutionary changes
were inevitable, and they came. The
greatest scope in design afforded by the

employment of metal and the restrictions

ers have had their day, and have given
place to steel vessels; scarcely any of

the former are now constructed.

Let us look at some instances of ship-

building enterprise forty years ago.

Exclusive of the Great Eastern, which
must always be considered an abnormal
case, the finest steamers of the day were
the Persia and the Scotia, both belong-

ing to the Cunard Company, the former

built in 1859, and the latter in 1862.

There was not very much difference be-

THE PNEUMATIC RIVETING SHED IN THE YARD OF MESSRS. HARLAND & WOLFF, BELFAST

removed from the determination of prac-

ticable and serviceable dimensions left

no doubt as to the ultimate issue of the

conflict.

In i860 sailing ships accounted for 90
per cent, of the total tonnage of the

British merchant marine; to-day they

claim less than 10 per cent, and the

ratio is daily decreasing. Paddle steam-

ers have disappeared from other than

river and coastwise traffic. Wood is no
longer looked upon as a suitable ma-
terial for ships' hulls. Even iron steam -

tween them, either in type or size..

Both were iron, paddle-wheel steamers,,

the first of 3300 gross tons, and the sec-

ond of 3870 tons. The dimensions of

the Scotia were, 379 feet length by 47.8
feet beam by 32 feet moulded depth;

and of the Persia, 376 feet by 45.3 feet

by 31.5 feet. Their engines developed
horse-powers of 4900 and 4000, respec-

tively. The average speed of the former

vessel was 14.4 knots, and of the latter,

13.8 knots.

How far these vessels were in advance
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of the bulk of their contemporaries may-
be gauged from the fact that the average
gross tonnage of steamers exceeding 100
tons each was at that time 340 tons.

At present the tonnage of the maximum
vessel is not quite 24,000, and the aver-
age tonnage 2400, yielding a ratio ap-
proximately of 1 to 10, which is note-

worthy as being the same in both cases.

The events of the ensuing period can
be only very briefly summarised. In

pania and Lucania (1893) were the first

vessels of that fleet to be fitted with twin

screws, and that triple screws are being
adopted for the Carmania, which is

now building, while quadruple screws
are projected for the new 25-knotters.

These last and the Carmania are also

to be turbine steamers. The change in

size and profile from the Persia and
Scotia to the latest designs is very
noticeable.

,—Wood or Composite^
Sail Steam

United Kingdom 3
France 21 1

Germany

TABLE I

, Iron >

Sail Steam
4

4

Steel ,

Sail Steam
U 453

30
74

Total ,

Sail Steam Grand T'tl

1870 iron finally supplanted wood in

the estimation of ship owners. Mild
steel was introduced about seven years

later, but owing to want of confidence

and the somewhat higher cost at first

involved, it did not immediately find

favour. As late as the year 1885 twice

as much merchant tonnage was in iron

as in steel. For the past twelve years,

however, steel has been pre eminent,

and now it enjoys a practically com-
plete monopoly.
The actual extent and use of the three

materials, and the relative number of

An interesting comparison is also to

be found in the dimensions of the finest

boats on three prominent services at the

dates named, as shown in Table II.

Turning attention now to the aggre-

gate growth of shipbuilding, there is

much material for observation and re-

flection to be garnered from the dia-

gram on page 242, which has been pre-

pared from the Board of Trade returns

for the period i860- 1903.
No more striking object lesson could

be devised to demonstrate the very

remarkable strides made by Great

TABLE II

Service Vessel Date Length, Breadth. Depth, Gross Tons Speed
ft. ft. ft. Knots

Atlantic Persia 1860 376 45.3 31.5 3.300 13.8

Atlantic Baltic 1903 708.3 75.5 49.0 23,870 17

P. and O.— Ceylon 1860 306 41 28 2,00) 12.5

P. and O Macedonia 1904 530.4 60 4 2>.5 10,510 18.

Cape —

.

Roman 1863 270 32.4 23.6 1,280 11

Cape Kenilworth Castle 1904 570.2 61.7 38.7 12,975 71 %

sailing and steam vessels constructed at Britain, and latterly also by the United

the present time, is indicated in Table States, in this important industry.

I., compiled from Lloyd's Register, and We find that forty-three years ago

showing the number of vessels of ioo the British output was somewhere about

tons and upwards added to the merchant 200,000 tons per annum; in 1901 it

navies of the United Kingdom, France, reached the enormous total of almost a

and Germany, respectively, during the million tons. Although the United

year. States had the same starting point, the

The growth and accretion of other maximum of that country in 1901 was

constructional features is interestingly but 50 per cent, of the British record,

shown on page 238, which illustrates the and last year it fell short of the same

changes in type of the various vessels standard by 322,000 tons. The records

of the Cunard fleet launched since 1840. for France and Germany are compara-

Thus it will be noticed that the Cam- tively insignificant. They do not attain
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to the figures of Great Britain and the

United States forty years ago. There
is, however, a noticeable upward tend-

ency in the later returns which augurs
considerable expansion in the future.

Examining the diagram opposite, we
cannot fail to be struck by the fact that

there are certain well-marked epochs of

energy and depression in the annals of

shipbuilding, and that these fluctuations

are more or less characteristic of the
history of all four countries, simultane-

ously, though their coincidence is most
evident and striking in the case of the

two more prominent countries, viz.,

Great Britain and the United States.

The periods of depression occur in

the years 1867, 1876-9, 1886, 1893-4,

1897-8, and at the present time. It is

by no means an unexpected discovery

to find that these periods synchronise
with periods of depression in trade gen-
erally. The year 1866 was the date of

the Overend-Gurney collapse, and there

were a number of heavy commercial
failures in 1875. In 1877 came the

Russo-Turkish war, and in 1878 the

stoppage of the City of Glasgow Bank.
The year 1886 was another period of

depression, and in 1893-4 a number of

Australian and American banks stopped
payment. In 1897-8 occurred the well-

known disputes in the British engineer-

ing and coal trades, and, finally, the

present indifferent condition of business

is such common knowledge as to scarcely

call for remark.

The peaks of prosperity were reached

in or about the years 1864, 1874, 1882-3,

1889-91, 1896-7, and 1901-2. Some-
what curious it is to note the gradually

diminishing interval between them. In

the first instance the intercolation is 10

years, then 8*4 years, 7^4 years and

6}4 years down to 5 years. Based on

this experience, apparently the next

culminating point will be somewhere
about 1905-6.

The prosperous years have produced
some startling results, well deserving of

notice. For example, the output of the

United Kingdom for the year 1874

(603,867 tons) was greater than the

tonnage of the combined merchant
navies of Sweden, Denmark and Bel-

gium at that time existing. In 1883
Great Britain achieved a record which
held good for the ensuing fifteen years.

The tonnage constructed in 1883 (892,-
216 tons,—more than three times the

output of the United States) was nearly

equal to the contemporary tonnage in

the whole merchant navy of France,

nearly double that of Russia, three times

that of Holland, four times that of Aus-
tria, and almost twelve times that of

Belgium.

The year 1901 saw another British

record established, in which the con-

temporary output of the United States

was not only doubled, but the whole
registered oversea trading tonnage of

that country was outdistanced by 100,-

000 tons. The British output (983, 133
tons) exceeded the combined merchant
navies of Spain and Belgium and nearly

equalled that of Italy. Such have been
the extraordinary results achieved by
the energy and enterprise of British

shipowners and shipbuilders in the past.

In the figures of 1903 there is a fall-

ing off of nearly 25 per cent, from the

standard of 1901. The diminution is

reported to be mainly in the class of

ordinary, moderately-sized "tramp"
steamers. The great cargo-carriers

have, temporarily at any rate, suspended
this class of vessel, and apparently it is

the opinion of shipowners that the larger

type is more remunerative, even though
such vessels may not always be run at

their full carrying capacity.

There is no doubt that a considerable

reduction in establishment charges can

be effected, and one large ship may dis-

charge the functions of a couple or more
vessels of smaller calibre but greater

aggregate tonnage, without a corre-

sponding increase in working expenses.

However that may be, the leviathan

cargo-boat first evolved in the Atlantic

trade has been introduced into other

services in various parts of the world,

and there are now not less than eighty-

five vessels of over 10,000 tons each in

existence on the merchant register.

A comparison of the records of Great

Britain and the United States is not un-

interesting. In i860 the two countries

started under identical conditions: their
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outputs were approximately the same,

and they possessed equal facilities for

development. During the next six

years the United Kingdom obtained a

slight lead, which was lost in 1867,

when the situation was relatively un-

changed. From 1867 upwards, how-
ever, British shipbuilding has progressed

at a much greater rate than American.
Striking a rough average, the annual

British output has been increased in

forty-three years by 700,000 tons, while

This indifference to their maritime in-

terests on the part of Americans is, to

some extent, intelligible, if we bear in

mind the enormous tracts of country
within their home jurisdiction, and the

almost limitless spheres of enterprise

which they have at hand in other direc-

tions than that of navigation. They
are, to a very considerable degree, a

self-contained and self-supporting peo-
ple, inhabiting a country capable of fur-

nishing the products of the most diverse

THE SMITH S SHOP AT HARLAND & WOLFF'S YARD, BELFAST. THE STEAM HAMMERS HERE SHOWN ARE
FROM THE WORKS OF MESSRS. DAVIS & PRIMROSE, LTD., LEITH

the annual American output during the

same period has been augmented by
only 300,000; that is to say, the British

rate of increase has been more than

double that of the United States. This
is the more remarkable because Ameri-
can exports have increased during the

same time at a much higher rate than

British exports. The carrying trade of

the Atlantic has, in fact, passed into

British hands, and with it the shipbuild-

ing: trade.

zones and the most varying climes, so

that the inducement to seek and exploit

the resources of other lands is not so

strong as in the case of Great Britain,

which is practically dependent on ex-

traneous sources for food supplies and
the very necessaries of life.

The question now suggests itself:

—

Can the British supremacy be main-

tained ? How far do present conditions

favour the rivalry of foreign competitors ?

It is, perhaps, difficult to give a decided
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answer to the inquiry, but there are

several grounds for believing that no
serious change in the relative positions

of the principal competing countries is

likely to occur for some time. There
have been lately, no doubt, searchings

of heart in transatlantic circles, and sev-

eral suggestions have been put forward

with a view to promoting and encourag-
ing shipbuilding on the American sea-

board.

Subsidies have been mentioned and
state recognition, to say nothing of an
appeal to the national sentiment. But
the last-named is not a very powerful
argument with a hard-headed people

accustomed to weigh business matters

in dollars. The other inducements are

artificial and of doubtful ultimate ad-

vantage. State subventions come, in

the end, from the pocket of the individ-

ual, and he is not greatly disposed to

foster weak industries at his personal

expense, unless, of course, he can be

convinced of some tangible advantage
to be gained thereby. As a general
rule, indigenous trades grow spontane-
ously and need no forcing-house; they
are certainly hardier products, and they
flourish the more under such conditions.

As assets on the British side, there

are the considerations that shipbuilding

is an hereditary instinct, and an indus-

try vitally essential to the national wel-

fare; that generations of training and
experience have rendered the British

shipwright an adept and the naval archi-

tect an expert in its practice; and that

the country is favourably endowed with

natural resources for the work. Finally,

in regard to the large number of orders

undertaken on foreign commission,
there are the decided advantages of

prestige and an unquestioned reputation

for good workmanship and sound de-

sign. These count for a great deal

in an age of fierce and keen competi-

tion.



CIRCULATION OF WATER IN STEAM BOILERS

By Egbert P. Watson

iHE efficiency of a

steam boiler de-

pends very
greatly upon the

activity of circu-

lation of the water

within it; all its

other qualities,—

strength, durabil-

ity, ease of access

for repair, are

secondary. Com-
bustion may be

perfect and the proportions of grate and
heating surface correct, so far as expe-

rience can suggest; but if there be little

or no circulation of the water from the

hottest to the coldest parts, and the re-

verse, the boiler will be sluggish, slow

to generate and quick to lose steam
whenever a sudden demand is made
upon it— in a word, inert. It will not

fulfill the purpose for which it was in-

tended. Defective circulation is very

common in many types of boilers, and
accounts for most of the troubles expe-

rienced from lack of steam where there

should be plenty.

There are three kinds of circulation

in steam boilers,—natural, artificial,

and forced. The first is the most de-

sirable, for it is that induced by the de-

sign. Artificial circulation is produced
mechanically by baffle plates or their

equivalent, causing the water to arbi-

trarily traverse certain channels when it

would otherwise flow in the lines of least

resistance. In the case of forced circu-

lation the water is pumped or injected

directly upon hot metal, which turns it

into steam within an inappreciable time

as compared with the usual methods.
Since the efficiency of a boiler de-

pends upon its ability to turn water into

steam as fast as possible with the least

expenditure of fuel, one that will do
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this, all other things being equal, is the

most desirable. Generators with forced

circulation are called " flash boilers,"

and there are numbers of them in use

for low powers, launches, automobiles,

etc. ; they occupy but little space, can
carry very high pressures, and are inex-

pensive to maintain, being usually coils

of pipe, which can be renewed cheaply

when destroyed by conditions peculiar

to them. These are that the heating

surfaces, being at a high temperature
and for some portion of the time not

covered by water, absorb oxygen from

it and rust out with more or less rapid-

Since the feed enters the coils in a

thin film or stream, it follows that it is

vapourised quickly, depending mainly
upon the condition of the hot surfaces.

If they are smooth, the water is not in

as intimate contact with them as if they

were comparatively rough, or slightly

scaled, for in the latter case the steam

film existing between the water and the

hot surface is broken up, letting the

water come into absolute contact with

coils. Of the truth of this the writer

has satisfied himself several times by
experiment, always with the same re-

sult,—an appreciable difference of time

existing between the vapourisation, or

flashing into steam, with smooth and
with rough surfaces.

The writer is not aware of any data

which give the relative efficiencies of

vapourisation of flash and ordinary boil-

ers; but in the former it is obviously the

steam consumption of the engines driven

by them, and as this in small engines is

usually very high, the evaporation must
be complete and rapid ; and that it is,

for flash boilers have very small heating

surfaces compared with those which
have a large body of water to maintain

in constant ebullition. The action of a
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flash boiler could be improved in some
cases by a different method of introduc-

ing the feed. If this enters at the top

and is supposed to distribute itself over

the heating surfaces by dripping down
upon them, it is apparent that the top

coils, which are the coldest, or farthest

from the furnace certainly, are attacked

first, while the hottest coils, or those

directly over the furnace, tend to de-

compose the already formed steam into

its constituent gases, and not merely to

superheat it, which might be done where
there is no body of water present to

absorb the extra heat

Manifestly, if the feed entered at the

top coil, as stated, the action would not

be so thorough or uniform as if it were
introduced at several places in the form
of minute jets, or spray.

Flash boilers, however, are not pop-
ular or widely employed, though one
type, the Serpollet, a French invention,

has been in extended service in road

vans and racing automobiles for many
years, and would seem to be satisfactory

for that reason if no other. Its heating

surface consists of tubes very thick for

their diameter (i}£ inches), the wall

thickness measuring 5-16 inch, with

water passages only 1-16 inch through
the tubes. The first impression would
be that this opening is quite inadequate,

from the danger to clogging from dirt

in the feed-water, and also from pieces

of scale being dislodged from the inter-

ior of the tubes themselves; but this

apprehension has been shown to be
groundless by experience with the gen-

erator. The unusual tube thickness

affords a reservoir or magazine to con-

tain the heat a long time, and being of

^/-section, the tubes are able to with-

stand enormous pressures; no less than

1000 pounds working pressure are said

to have been carried on one during an
automobile race.

As regards natural circulation, the

vertical tubular boiler has none. A
column of water of greater or less height

is traversed by tubes emerging from a

fire-box beneath them. Above the

crown sheet the water is heated equally

in all parts, except near the shell, where
radiation makes it considerably cooler.

3-6

The lower portions of the boiler, or the
water legs, being underneath the fire,

receive little or no heat, so that various

temperatures may be found in the same
boiler at the same time. The ebullition

is directly upward and onward, no in-

terchange between the upper and lower
regions being possible. Still further to

aggravate the difficulties of a vertical

boiler, the feed-water [_is always intro-

duced at the bottom, possibly for rea-

sons of convenience. Thus, not only is

the coldest water put into the coldest

part of the boiler, but any mud deposited

there during the night, or at other times

when the boiler is idle, is dislodged and
distributed through the boiler again.

Attempts have been made to remedy
the want of circulation in vertical boilers

by attaching tubes on the outside of the

shell, entering into the steam space
above the water, and terminating below
in the water space. These tubes are

intended to act as siphons; but, in prac-

tice, as the legs are of the same length,

they are valueless, the water simply re-

maining in them motionless, and cool-

ing rapidly by reason of the isolation of

the tubes from the heated zones of the

boiler proper. Another arrangement
in vertical boilers consists in dividing

the tubes into sections by a diaphragm,
the intention being to make part of the

heat ascend through the centre and pass

by a down-draught through exterior

tubes, and to emerge into a combustion
chamber at the bottom, whence it goes

to the chimney. Both of these devices

are only makeshifts to remedy a poor
design. A vertical fire surface is the

least efficient of all; the gases from the

furnace do not impinge upon it, but

merely envelop it with more or less loss

of heat from lack of complete contact

with it.

Experiments were made a few years

ago to determine the circulating effi-

ciency of an inclined tube in a water-

tube boiler by applying direct heat to

certain parts of the tube. It was found

that the tendency was to drive the water

upward; but as this fact had been estab-

lished prior to the experiment, no new
practical knowledge was gained.

Whether the water would have risen
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had the boiler been heated uniformly

all over, as it is in practice, was not in-

vestigated.

A form of vertical, or slightly in-

clined, water-tube boiler was patented

by the writer a few years ago. It is not

now in the market, so that its principle

can be described here without impro-
priety. Its circulation was established

naturally by the action of the water it-

self, without any outside aids or appli-

ances. The boiler consisted of a stack

of tubes disposed in a circle, with a sub-

merged fire-box in the centre. The
tubes were also submerged at the upper
ends, so that they were never exposed
to fire on that portion. A water cham-
ber was at the bottom and a water and
steam dome on top; between the first

row of tubes externally and their main
body was a diaphragm. When the

boiler was fired the tubes nearest the

furnace were rapidly heated, causing

the water in them to rise and flow over

the upper tube sheet toward the outside

of the boiler. When the water in these

tubes rose, a corresponding quantity of

liquid flowed down the outside row of

tubes to replace it; this action went on
continuously without cessation or forc-

ing of any kind. That the movement
was as mentioned, was demonstrated by
removing the dome and watching the

actual flow of the water. It was also

proven by placing the hand on the bot-

tom of the water chamber, when the hot

water could be felt coming down the

outer tubes almost as soon as the fire

was started. Generation of steam was
exceedingly rapid, but the evaporation

averaged only eight to nine pounds of

water per pound of coal. With our
present knowledge of steam boilers it

appears impossible to exceed these fig-

ures. In laboratory experiments we
may obtain ten and eleven pounds of

water evaporated per pound of coal, or

about two- fifths of what we should have,

according to the possibilities of carbon
burned under the best conditions; but

the routine of practice is very far from
being in the nature of a chemical experi-

ment, by which a pound of pure carbon

undergoes perfect combustion. In place

of pure carbon we have in practice only

" the run of the mine," as it is called,

or good commercial coal.

It seems proper in discussing circula-

tion in a steam boiler to refer to certain

elementary facts about the liquid with

which we have to deal. These will ac-

count for some things which seem puz-

zling. One of these facts is that all

liquids are very poor conductors of heat.

Water in direct contact with a highly

heated plate or tube absorbs heat with

greater or less rapidity; tubes contain-

ing either fire or water, or hot plates,

convey the heat generated in the fur-

nace directly to those portions of the

water in contact with them. Where the

water spaces are contracted, the heat is

immediately absorbed and steam is

formed; but if this heat is to be trans-

ferred to bodies of water overlying the

heated surfaces to any great depth,

vapourisation is exceedingly slow. This

is easily seen when we compare the time

it requires to get up steam in a water-

tube boiler and in a fire-tube boiler of

the same relative proportions. Water
is one of the poorest conductors of heat,

and some portions of boilers of certain

types remain merely hand warm when
there are ioo pounds of steam up. En-
gineers of coastwise vessels have in-

formed the writer that their boilers

would not be uniformly heated until

they had been many hours out of port.

In such cases an improvement has been
made by attaching pumps to the bottom,

or coldest part, of the boiler, and thence

transferring the water to the hotter zones

above.

It seems anomalous that different

temperatures should exist at the same
time in the tubes of a horizontal tubular

boiler; nevertheless, this occurs in some
instances. Isherwood discovered this

by placing certain metals whose fusing

points were known in the tubes of boil-

ers in action; he found that in the upper
rows of tubes the temperature was
higher than in the lower ones nearest

the incandescent fuel. His exact words
(Engineering Precedents, Vol. II., page

173) are:—
" With the horizontal fire tubes there

was selected one over one of the middle
furnaces and in the middle vertical row,



CIRCULATION IN STEAM BOILERS 251

the centre tube, from the top, and also

from the bottom; in the mouths of these

three tubes were placed (on separate

tripods of slender iron wire about 1%
inches high) small pieces of lead and
tin, the purpose being to ascertain not
only the absolute temperature of the

emerging gases, but whether the heat

was equally diffused among the tubes

vertically. The result was strongly

marked. In the lowest tube the tin

was not melted ; in the central tube, half

way between the top and bottom, the

tin was melted, but not the lead, whiie
in the upper the lead was melted. Con-
sequently, in the lower tubes the tem-
perature of the emerging gases was less

than 440 degrees F. ; in the middle
tubes it was more than 440 degrees,

but less than 600 F. ; while in the upper
tubes it was over 600 F. * * * We
have seen that the temperature of the

heated gases emerging from the tubes

of a horizontal fire- tube boiler varies

enormously in the different rows of

tubes, probably 300 degrees F. in the

extreme top and bottom rows.
'

'

Isherwood's deductions, omitting his

elaborate analysis as too long to be here

given, are as follows :

—

'

' The result is that from the lower

row to the upper one the tubes have a

continuously decreasing evaporative

efficiency, owing to their absorbing a

less and less amount of heat as they
ascend, and, as a consequence, deliver-

ing their heated gases into the chimney
at a continuously increasing tempera-

ture.
'

'

It may be inferred from the conditions

just named that the circulation is also

impaired by the unequal temperatures

existing in different parts of the same
generator. This is in direct contradic-

tion to the often reiterated assertion that

the temperature of a boiler varies di-

rectly with the steam pressure carried,

which view was held for a long time by
Ihe present writer, until better informa-

tion caused him to abandon it. It

seems probable that violent repulsion of

the water in some highly heated parts

of the boiler causes an interference with

an even supply of it to other parts re-

mote from the fire; not only this, but

the dispersion of the water from certain

parts may cause false currents to be set

up which divert the liquid from its nat-

ural flow into places where it may or
may not be more efficient.

To a certain extent all these views
must be accepted with some reserve.

No one has ever been inside of a boiler

under steam; therefore no one can say
exactly what occurs under that condi-

tion. We can only infer from the in-

spection of a boiler long used as to what
has happened during its term of service.

Examination of this sort shows that the

sediment or scale left by evaporation
of the water is by no means evenly de-

posited all through the boiler; some
parts will be covered thickly with it,

while in others there is little or none.

The writer has opened a very large

number of boilers of all types and has

been struck by this fact. It may be
presumed that the circulation was so

rapid in some places that the deposition

of scale was prevented thereby, or that,

as scale usually accumulates where the

water is quiet, or at least quiescent, the

circulation in other places was very-

sluggish to allow the deposit of sedi-

ment. Again, it has been found that

in some parts the scale is softer than in

others; portions of the incrustation are

friable and easily disintegrated, while

other portions cannot be cut with a steel

tool. This seems to demonstrate the

truth of what was mentioned in a pre-

vious paragraph, viz., that some parts

of the heating surface are hotter than
others.

Not the least evil which poor circula-

tion of the water in a steam boiler en-

tails is that of unequal expansion. Un-
doubtedly this is an important factor in

shortening a boiler's life; certainly it

necessitates frequent repair and renewal.

The statement was made a few years ago
that a Scotch marine boiler was very
much longer on the top sheet than on
the bottom when under steam, owing
to the differences in temperature. When
it is borne in mind that the plates of

such boilers are over an inch thick, it

can be appreciated that the strain in-

duced by such expansion must be
enormous.



THE MECHANICAL DRAUGHT PROBLEM

By Howard S. Knowlton

T
HROUGHOUTrthe entire field

* of engineering

it is difficult to find a

more interesting sub-

ject of study than the

modern power station.

Radical changes in de-

sign have marked the

J _ construction of succes-

sive installations from
the earliest days of the

electrical industry, and
the best way to appre-

,' ^.... ciate these evolutionary

modifications in practice

is a simple comparison
of the plant of to-day

with that of a few years

ago. Three important

features of design have
become generally im-

pressed upon engineers,

—reliability, economy and flexibility of

operation. It is now unusual to hear of

a total shut-down of a great plant, and
on every hand the problem of increas-

ing operating efficiency is coming to the

front; but in point of flexibility there is

often much to be desired, even in the

latest installations.

A study of various modern plants in

different parts of the country brings one
inevitably to the conclusion that the

problem of mechanical draught is not
receiving the attention that it deserves

from power station designers and oper-

ators. Doubtless there are plenty of

installations which are better off with
the plain, old fashioned chimney; but
there certainly would seem to be others

that are missing opportunities to save
money and enjoy the greater operating

flexibility of mechanical methods of pro-

moting combustion. The suspicion

arises that in many recent designs the
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question has been entirely unconsidered.

This may be due to simple apathy, or

it may be caused by the designer's fail-

ure to appreciate the relative advantages
and drawbacks of mechanical draught
and chimneys. It would seem worth
while, therefore, to point out some of

the considerations which bear upon the

problem of choosing between the two
methods.

The advantages of natural draught as

obtained through the agency of a chim-

ney are generally well known. The
chimney costs a good deal at first, but

once it is built, the only direct expenses

that it entails are those of interest, in-

surance, taxes, depreciation, and re-

pairs. With the exception of repairs,

these items are fixed charges.

The operating expenses are small,

directly considered. Allowing 5 per

cent, interest, 2 per cent, for insurance,

taxes, and repairs, and, from long ex-

perience with chimneys, 1 ^2 per cent,

depreciation, the total annual charges

thus amount to 8^ per cent, of the in-

vestment. The chimney makes no noise

about its work; it discharges the pro-

ducts of combustion at a height ordinar-

ily sufficient to eliminate all annoyance
to neighbouring establishments; it has

no moving parts to get out of order;

occupies little real estate; requires no
attendance, oil, waste, or other supplies,

and is a simple, reliable piece of appa-

ratus. Nothing short of an earthquake,

cyclone or explosion will demolish a

properly constructed chimney, and it is

as permanent an adjunct to a power
plant as the walls of the station build-

ing. Its operation is positive, although
variable.

Mechanical draught, on the other

hand, also has many notable advantages.

It is extremely flexible, enabling the

rate ol combustion to be greatly in-
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creased during periods of heavy load

and correspondingly decreased when
the output is small. This feature makes
it especially adaptable to electric railway

plants suffering from heavy peak loads

during the morning and evening hours,

while at other times of the day and night

a large reserve capacity in boilers is

obliged to stand idle with fixed charges

going on and with no compensating
work to liquidate them.

The first cost is small in comparison
with the capital invested in an equivalent

chimney. Generally speaking, the cost

of installing mechanical draught varies

from about 20 to 40 per cent, of the ex-

pense of building a stack capable of do-

ing the same work. The cost depends
partly upon local conditions and partly

upon the type of draught apparatus

selected. Allowing 100 per cent, as the

cost of the equivalent stack, a prominent
authority on mechanical draught states

that an induced draught plant with du-

plex fans is represented in first cost by
42 per cent., a single- fan induced

draught plant by 26.7 per cent., and a

one-fan forced draught plant by 18.7

per cent. Allowing interest at 5 per

cent., depreciation and repairs at 4.5
per cent. , and insurance and taxes at

1.5 per cent., the total fixed charges

amount to about 1 1 per cent.

The cost of operation is, of course,

the principal item of expense in a me-
chanical draught system. In one rail-

way plant, equipped with 1600 horse-

power in boilers operated by a two-fan

induced draught system, the annual cost

of operation of the mechanical draught

apparatus was $682, including repairs.

Six boilers were supplied with artificial

draught, the steam pressure was 125

pounds, and the cost of coal for the fan

engine of 5 horse-power was about 2 per

cent, of the total fuel bill. The first

cost of the draught apparatus was

$2950, or $1.84 per horse-power of

boilers served. Thus, the total cost of

operation was 23. 1 per cent, of the in-

vestment. The company allowed 4 per

cent, depreciation, so that with interest

at 5 per cent, and insurance and taxes

at 1 per cent., the fixed charges were

$295, and the total annual expense of

the mechanical draught system was

$977. The remainder of the plant was
served by a chimney. Incidentally, the

total rating of the plant was 3000 KW;
the first cost $90.60 per KW; the an-

nual output at the direct-current switch-

board 431,600 KW-hours, the coal

consumption being 2.9 pounds per

KW-hour and the water consumption

28.07 pounds per unit of output. The
cost of installing the mechanical draught

apparatus was thus about 2 per cent, of

the total plant investment.

Although in the case here cited an

annual expense of almost $1000 seems
a good deal to put into the operation of

a mechanical draught plant, there are

numerous other advantages to be con-

sidered. The fixed charges on equiva-

lent chimney capacity would scarcely be

less than 75 per cent, of the foregoing.

Without the fan system the annual loss

of money caused by the heat wasted in

escaping chimney gases would be nota-

bly increased.

As every chimney depends for its

operation upon the maintenance of a

temperature difference between the ex-

ternal air and the products of combus-

tion, it is evident that this loss can never

be eliminated except by the substitution

of artificial for natural methods of ob-

taining draught. Mechanical draught

utilises a very large percentage of the

heat which would otherwise be thrown

away up the chimney. Without vary-

ing the draught it is next to impossible

to maintain a constant steam pressure.

Both the intensity of the draught and

the volume of the air supply can be ad-

justed and controlled, either manually

or automatically, better by the fan sys-

tem than by the ordinary damper regu-

lator, useful as the latter device is. Al-

though the loss of heat units by smoke
seldom is above one per cent, of the

total calorific power of the fuel, the in-

creasing strictness of municipal ordi-

nances in regard to the smoke nuisance

constitutes a strong argument for the

adoption of the superior methods of

combustion represented by the various

automatic stoker and draught systems.

Mechanical draught will not, in itself,

prevent smoke; but, in company with
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skilled firing or automatic stoking ma-
chinery, it is extremely effective. It

provides a rapid, strong draught at the

exact time when it is most useful.

From 5 to 10 per cent, of the heating

value of fuel may easily be lost in the

formation of carbon monoxide if the

combustion is incomplete. This loss is

done away with when the air supply for

the furnaces is derived from a properly

operated fan, and a large number of flue

gas analyses show no trace of carbon
monoxide when mechanical draught is

employed. To secure good combustion
it is highly essential that the air supply
be forced in sufficient quantity into all

the spaces between the fuel. Here it is

that the flexibility of artificial draught
enters with a nicety of control and a

range of action capable of producing
efficient combustion in the furnaces, ad-

justed in intensity to the load require-

ments.

Low grade fuels can be burned only

by steady and intense draught. Thus
it is difficult with a chimney to obtain

sufficient blast to burn the smallest sizes

of anthracite coal, which require a strong

and concentrated draught. The lower
efficiency of poorer grades of fuel may
readily be offset by the decrease in their

cost, provided the fuel is burned under
proper conditions; and these conditions

can scarcely fail to be supplied by me-
chanical draught. It has been stated

that a simple change in grate bars is all

that is required to adapt a boiler to burn
practically clear yard screenings by
means of forced or induced draught.

In general, better results may be ex-

pected with automatic stokers when they
are used with mechanical draught, on
account of the positive and, perchance,

automatically controlled air supply.

With the chimney damper wide open,

an increase in draught and resulting ad-

ditional output of the plant can be
secured only by adding to the chim-
ney's height. The admission of a little

more steam to the cylinder of the fan

engine solves the problem with mechani-
cal draught. A further advantage lies

in the fan's independence of outside

weather and temperature conditions.

Additional economy in fan-engine oper-

ation may be secured by utilising the

exhaust steam fcr heating purposes.

Mechanical draught finds a special

field of usefulness in connection with

power plants which are operated wholly

by waterfalls during part of the year,

and which are reinforced by steam en-

gines in the dry seasons. In most cases

it is much cheaper to install a fan sys-

tem for the allowable purpose of forcing

the boiler output for a comparatively

short time than it is to invest in addi-

tional boilers. As a substitute for the

chimney in case of accident, artificial

draught may be quickly and easily ap-

plied.

In solving the draught problem it is

wise to provide every possible precau-

tion to obtain continuous service. This

is far more important than an increase

in operating efficiency. A flexible ar-

rangement is a combination of chimney
and mechanical draught, each of which
will serve as a supplement and relay in

case of trouble or even in regular opera-

tion. Probably the greatest simplicity

is secured by driving fans for mechani-

cal draught by steam engines. It would
seem that the possible greater economy
of an electric motor- drive would be
somewhat offset by the increased com-
plication of the regulating and control-

ling mechanism. Published information

in regard to motor-driven draught fans,

their economy, and cost of operation in

comparison with the single-fan engines

largely in use to-day would be welcome
to designers.

Enough has been said to indicate the

importance of thoroughly going over

the draught question before deciding

off-hand to use either the chimney or its

rival. If more space has been given in

these comments to the advantages of

mechanical draught over chimneys, it

is only because the good points of the

artificial method are as yet unrecognised

in many places. Experience is not

wanting with either method, and there

would seem to be no excuse for not

analysing both sides of the draught

problem in deciding which combination

to use.
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While the telephone was brought to

Japan in the earliest days of telephone
engineering,—about 1877,—

^

ts practi-

cal use was confined to auxiliary police

service, and" it was not until 1883 that

the idea of starting telephone exchanges
occurred to the authorities. A company
was promoted for carrying on the busi-

ness, and a petition was forwarded to

the government asking for a license to

start an exchange and carry on tele-

phone service in Tokyo. That was in

1884. The question whether it should
be carried out as a government under-

taking or entrusted to private capital

remained unsettled until 1889, when it

was decided, after deliberation, to un-

dertake the work as a state monopoly.
As told by Saitoro Oi, in a paper read

before the International Electrical Con-
gress at St. Louis, an executive office

was opened in Tokyo, and .letters and
circulars were sent out to business men,
to the nobility, to government officials,

to manufacturers, and, in fact, to

any person in the city of more or

less prominence. The opening of

telephone exchanges was adver-

tised in the popular papers, and
subscriptions were invited from
the general public. In addition,

a switchboard and telephones were

installed in the building of the Tokyo
Chamber of Commerce, and in the Rice

and the Stock Exchanges, and people

of various occupations were invited to

try the instruments in order to be con-

vinced of the practical utility of the tele-

AN AUTOMATIC TELEPHONE CALL BOX IN A STREET OF
TOKYO, JAPAN
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phone. Popular lectures also were de-

livered to give the public an idea of the

commercial and social uses of the tele-

phone. In fact, no pains were spared

to secure a satisfactory result in the new
enterprise, but notwithstanding such
efforts only about 70 contracts were ob-

tained in Tokyo and 20 in Yokohama
when the construction of the lines was
commenced. The service was started

in Tokyo and Yokohama in December
of 1890, the number of subscribers at

that time being about 200 in Tokyo and
40 in Yokohama. However, the actual

opening of the exchanges and establish-

ment of communication between the

subscribers spoke far more eloquently

to the public than any letters, news-
papers or lectures, and before long the

facilities were far behind the demand.
At the present time forty- six telephone

exchanges are in operation, with 36,700
sub-stations. The seven largest ex-

changes, worked with multiple switch-

boards, are in the towns of Tokyo,
Osaka, Kioto, Yokohama, Kobe, Na-
goya, and Nagasaki, serving over 28,-

000 subscribers in a population of 3,920,

-

000. The automatic telephone has

come into use since 1899. In the just

mentioned towns 117 automatic call

offices are in use.

Insurance on vessels plying the

Gulf of St. Lawrence and the river of

that name is not particularly sought
after by marine underwriters, owing to

the well-known difficulties of navigation

that beset those waters, which difficulties

are somewhat augmented by a scarcity

of lighthouses and light- ships between
the port of Quebec and the Straits of

Belle Isle,—a distance of about 731
miles. In the endeavour to better the

conditions that prevail on this Atlantic

route, arrangements are being made for

the installation of thirty submarine signal

bells in the St. Lawrence River and off

the coasts of New Brunswick and Nova
Scotia. These bells are submerged in

the water to a depth of about 25 feet

below the bottom of a light- ship, or
from a buoy in proximity to a light-

house. A large hammer, operated by

compessed air from the lighthouse or

light-ship, is caused to strike the bell at

regular intervals during foggy weather.

It is well known that water is a good
conductor of sound vibrations, and in

the system referred to the sound vibra-

tions set up in the water by the bell are

caused to operate a telephone transmit-

ter that may be placed in the hold of

any passing ship. In one of the ar-

rangements used for this work a cup-

shaped cylinder filled with water is

bolted to the inside of the hold of the

ship, about 20 feet below the water-line,

a rubber flange on the edge of the cyl-

inder next the hold making the cylinder

watertight. A diaphragm at the upper
end of the cylinder carries a microphonic
transmitter, fitted with the usual battery

and primary and secondary wires of an
induction coil. The secondary wire is

led to the captain's room or pilot house
of the vessel,where a telephone receiver

is connected in the circuit. When the

sound vibrations from the bell reach the

hold of the ship, they are imparted to

the transmitter and may be heard as a

sound in the telephone receiver. In

practice, a cylinder and transmitter are

placed on each side of the ship, so that

by listening to the sounds alternately

from opposite sides of the ship the di-

rection from which the sounds are com-
ing may be ascertained, since they

will be louder in the transmitter circuit

which is toward the bell. Knowing the

code signals allotted to every lighthouse

and light-ship, the mariner is thus

warned of his approach to a dangerous

coast, rock or shoal. If the fog-horn

is blown concurrently with the striking

of the submarine bell, it will be possible,

by the aid of triangulation, to ascertain

the distance and the direction of the

lighthouse. It is said that a distance

of from four to eight miles has been

covered by this system of signaling un-

der water.

It may be remarked that as long ago
as 1877 experiments were described by
M. Paul Laurencin, by which signals

were transmitted under water by the

strokes of a bell suspended from the
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stern of a ship, a long trumpet being-

submerged in the water on another ves-

sel. By placing the ear to the small

end of the trumpet signals were heard
up to a distance of nearly one mile. It

still remains to beseen whether any ap-

paratus of this nature will be found of

regular practical utility, —not so much
that such systems may not possess in-

herent merit, but that in times of fog

and storm the officers in charge are

more likely to depend on frequent heav-

ing of the lead than a more or less un-

certain reading of signals.

In the meantime, it is interesting to

note that wireless telegraphy is now do-

ing good service on the St. Lawrence
route in reporting incoming and outgo-

ing vessels, there being at least four

Marconi stations between the Straits of

Belle Isle and Quebec,—namely, at

Belle Isle, Point Amour, Heath Point,

and Fame Point, distant from Quebec,
respectively, 731 miles, 671 miles, 437
miles, and 322 miles. Commercial and
social telegrams are accepted at any of

the Canadian Pacific Telegraph offices

in Canada, and are sent, prepaid, to the

steamships equipped with Marconi wire-

less apparatus at a minimum rate of $2
for ten words and 1 2 cents for each ad-

ditional word, in addition to the ordi-

nary land charges. A somewhat curi-

ous feature of wireless telegraph opera-

tion noticed by some operators is that it

is much easier to "hold" a station

than it is to "pick" it up. On the

chain of stations just mentioned one of

the steamships of the Allan Line, the

Tunisian, on one occasion got into

communication with Heath Point station

at 40 miles, and held the communica-
tion for 140 miles.

Smoke prevention ideas in new and
attractive shape have been presented by
R. S. Hale in a pamphlet recently

issued by the Mutual Boiler Insurance

Company, of Boston, for whom he is

consulting engineer. One of the things

to which Mr. Hale gives prominence is

the fact that it is the actual quantity or

weight of soot discharged into the air

that causes trouble, while it is always
the appearance of the chimney top that

causes complaint. For instance, con-

sider a furnace that gave dense black

smoke for ten minutes each morning
and each afternoon, or, say, twenty
minutes in each twenty-four hours, or

1/72 of the time. If we compared such
a chimney with one that gave only 1/10
as much smoke at any particular mo-
ment, but gave steadily some light

smoke, the latter would cause much
less verbal complaint to the smoke in-

spectors, but would really be giving

about six times as much soot. We may
also compare a battery of boilers, each

with its own chimney, as against the

same boilers delivering into a common
chimney. If a single one of these boil-

ers smoked very badly and the others

not at all, then with individual chimneys

there would be much complaint, while

with a single large chimney for the bat-

tery the top would show only a light

smoke, which would cause but slight

complaint, although the amount of soot

would be the same.

Another point that should be care-

fully considered, but that is not always

thought of, is the question of central

power stations. The electric light and
power companies are in large cities al-

most universally spoken of as the worst

offenders against the smoke laws, but a

brief consideration will show that we
could afford to let them send forth al-

most any amount of smoke rather than

put any serious burden on them. The
choice whether a small factory or an

office building shall put in its own plant

to make its own light and power, or, on

the other hand, buy electricity from the

central station, is a close one; but the

central station runs on two pounds of

coal per horse-power, while the isolated

plant seldom gets under six pounds per

horse-power. Hence, for the same
amount of soot given forth into the at-

mosphere, the central station should be

allowed to make three times as much
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smoke. Still another point is that the

amount of soot is not proportional to

the colour of the smoke. A small chim-
ney attached to a boiler that is using
but a small excess of air may show a

dense black smoke. Change this over
to a large chimney and let a large

amount of air into the flue at the base

of the chimney. Then the colour of the

smoke at the top will be much lighter,

though the amount of soot may be the

same as before. Supposing, for in-

stance, that around a smoky chimney
of 2 feet diameter we should build a

shield 6 feet in diameter and 15 feet

high, open top and bottom. If the

original chimney extended just above
the roof, then this shield would look
merely like a much larger chimney.
The smoke from the small chimney in-

side would be so diluted with air by the

time it could be seen by the neighbours
that no complaint would be made, al-

though the amount of soot would be the

same as before. While such a shield

has never yet been built, Mr. Hale
has no doubt that much of the difference

between some chimneys that cause com-
plaint and others that do not is merely

the difference in dilution by air leakage

into the chimney, and is not due to any
difference in amount of soot discharged.

One of the absurdities of twentieth

century engineering is the horse drawn
steam fire engine in large city service.

Self-propulsion for such engines has

been talked of for the past twenty years,

but the sum total of all that has been

accomplished during that time towards

dispensing with animal traction has

amounted to relatively little,—a fact

particularly noticeable in America, the

generally accredited home of advanced
ideas. Indeed, it appears to have been

left to conservative British engineers to

blaze the way, so to speak, in this field,

and the result is that steam motor fire

engines; petrol, or what in America
would be called gasoline, motor fire en-

gines; and even electrically-operated

fire pump equipments, are currently ad-
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1817, with the declared object of turn-

ing out competent sailors, pilots and
captains. During the decade following,

a number of similar schools were founded
in other German cities, and preparatory
schools were also organised in connec-
tion with all the regular schools of navi-

gation. The popularity and value of

these institutions are well shown by their

wide distribution throughout Prussia.

In 1902 schools of this kind were located

at twelve cities, each of which has a

preparatory school connected with it.

The total attendance at the preparatory

vertised specialties of British make which
ought to be worthy object lessons to

American municipalities and fire engine
builders. At least half a dozen British

towns, if not more, have motor-driven
fire engines, either steam or petrol,

while Cape Town, in South Africa,

and Valparaiso, in Chili, and even
Mauritius, are equipped with petrol

motor hose-carts and tenders, if not
pumps. The petrol motor fire engine
at present has probably the most imme-
diately promising opportunities; but it

is not at all unlikely that in the near
future also there will be elec-

tric taps along city streets,

exactly as there are now fire

hydrants, from which electric

fire pumps will be able to take

current, the propelling power
from the outfit being derived

from electric storage batteries,

which, in turn, may be re-

charged from the same taps.

But whatever the power sys-

tem, animal traction for fire

engines should not be per-

mitted to survive much longer;

it should have disappeared with

the horse car on city streets.

One of the lessons of the re-

cent naval conflicts in the Far
East between Russia and Japan,
though it is one that has been
well learned before, was that of

the importance of having a well-

trained and sufficient personnel

to handle modern ships of war.

In that respect Russia was
badly deficient. Germany, one
of the most vigorous of the

younger naval-powers has, for AN electrically propelled and motor-driven fire-pump,

years, taken active measures ALS0 OF MERRYWEATHER MAKE

towards providing trained men
for her navy as well as for her merchant
marine, and it may not be uninteresting,

therefore, to note briefly what these

have been. Schools of navigation were
established by the Prussian Government
as far back as the beginning of the nine-

teenth century. One of the earliest of

these was the one at Danzig, opened in

schools was 828 in 1901, and during the

same year 472 pupils were enrolled at

the regular schools. The character of

the instruction given is eminently prac-

tical. Prussian schools for the instruc-

tion of pilots, sailors and other deck
hands employed in inland navigation

are also found at a large number of



260 CASSIER'S MAGAZINE

places. These schools are well at- that the efficiency of railway employees
tended. Part of all expenditures which is only 32 per cent, for no account is

are not covered by tuition fees are met taken of the thousands of cases in which
by the State and the rest is met by the he does not fail. The table shows, how-
cities, chambers of commerce, sailors' ever, that when there is an accident, the
unions, and other interested organisa- odds are two to one that the man is at

tions. During recent years the German the bottom of it.

Government has been paying much at-

tention to the promotion of schools for

navigation, shipbuilding, and naval en-

gineering, for these institutions are pow- Definite conception as to what con-
erful factors in the attainment of her stitutes an engineer and what an engi-

ideals of commercial supremacy and neer should be is much needed among
naval power. In recognition of the the people generally, and, for that mat-
growing need for education in this line, ter, perhaps also among many of those
plans have been made for new schools, whose duty it is to train and teach en-

and courses adapted to the needs of gineers. Professor L. S. Randolph,
naval engineers, shipbuilders and navi- some time ago, before the Society for

gators are being given at a number of the Promotion of Engineering Educa-
the technical high schools of the coun- tion, remarked that proof of this is sup-
try, plied by the multiplicity of s:holastic

degrees with the word '

' engineer
'

' at-

tached. The civil engineer retains his

In view of the widespread attention high position more than any other class,

recently given to statistics of railway By civil engineer Professor Randolph
accidents on American lines, it is inter- meant all those included in the broad
esting to note that Mr. Victor Hugo, term of civil engineer, with the excep-
chief inspector for the Hartford Steam tion of what are sometimes called dyna-
Boiler Inspection & Insurance Com- mic engineers. In a few of the old
pany, has made a brief analysis of those schools of engineering, which are thor-

accidents for the first half of the year oughly acquainted with the history of

just past, for the purpose of showing the the profession, the courses of instruction

importance of the element of human are well fitted to the work to be accom-
fallibility in railway engineering. His plished. The danger comes from those
results are given in the following table :

—

who, having for their own work nothing

CAUSES OB' RAILWAY ACCIDENTS

Percentage of
Acciderts Due
to the Cause

Nature of Cause Assigned Remarks and Explanations
"Mistake," 28 Mostly mistakes in receiving or giving signals, or in writing or

reading orders.
" Forgot," 21 Just " forgot to carry out orders."
"Confused," 8 Properly classifiable as mistakes, but separated here because

attributable to excitement.
Physically incapacitated 8 Men fell asleep, presumably on account of previous exposure

or exhaustion.
Malice 4 Malicious interference from persons not employed by the

railroad.
Elements 12 Fog; snow-storm; heat of the sun.
Defective equipment.... 16 Failure of air-brakes and of car-wheels.

The accidents tabulated resulted in of the training and preparation which is

the death of 31 persons, in the injury of given to the civil engineer, seize upon
1 64 others, and in the destruction of the title of such high renown and boldly
property valued at something like $300,- appropriate to themselves the accom-
000. It appears that 68 per cent, of panying unearned honours and emolu-
the accidents were due entirely to the ments. We have the man who fires the
mental or physical state of the human boiler and pulls the throttle dubbed a
agent. This does not mean, of course, locomotive or stationary engineer; we
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have the woman who fires the stove and
cooks the dinner dubbed the domestic
engineer, and it will not be long, sug-

gested Professor Randolph, before the

barefooted African, who pounds the

mud into the brick moulds, will be call-

ing himself a ceramic engineer. Those
of the teaching profession have seen how
this thing goes and are familiar with the

tonsorial artists who are called profes-

sors, and the dancing masters who have
the same high-sounding title. In order

to place the matter briefly, it can be
said that the profession of engineering

is to-day at the parting of the ways. If

the engineer is to fulfill the definition

which is so generally accepted, " as one
who applies the discoveries of the scien-

tists to the structural needs of man-
kind," Professor Randolph was of the

opinion that something should be done
at once, and that there are but two ways
of handling the question. One is boldly

to adopt a new title and leave the title

of engineer, which is rapidly falling into

disrepute, to the locomotive engineers,

the domestic engineers, the sugar engi-

neers, etc. , who have caused its fall ; or

to begin a campaign of education which
shall bring clearly before the public, be-

fore college presidents and boards of

control what the engineer is, or rather

what he should be.

In discussing the maxium distance to

which electric power can be economi-
cally transmitted, Mr. Ralph D. Mer-
shon, in a recent paper before the Amer-
ican Institute of Electrical Engineers,

remarked that for a given voltage, drop,

and distance of transmission, the cost of

all the apparatus and equipment, except

the line conductors, will increase more
slowly than the output of the plant.

That is, the greater the output of the

plant, the less the cost per kilowatt of

all the equipment, except the line con-

ductors. This will be true of the oper-

ating expenses also. Therefore, since

the interest charges and the charges for

depreciation and repair are dependent
upon the investment, the greater the

output of the plant, the less will be the

quantities going to make up the annual
cost per kilowatt of transmitting power,
except those depending upon the line

conductors. Since the weight of the
line conductors under the conditions as-

sumed will vary directly as the amount
of power transmitted, those elements of

the annual cost per kilowatt depending
upon the line conductors will be practi-

cally constant for all amounts of power
transmitted, and cannot be materially

reduced by increasing the amount of

power transmitted. With the same
voltage, economic drop and output, the
elements of annual cost per kilowatt due
to the line structure (pole line) and to

its extent (patrolling, etc.), will increase

directly as the distance. But, as out-

lined above, any increase of cost in line

construction due to increase in distance

can be offset by increase of output. On
the other hand, the weight of the line

conductors increases as the distance (for

the same economic drop), and the ele-

ments of annual cost per kilowatt due to

the weight of the line conductors will,

therefore, increase as the distance, no
matter what the output.

It appears, therefore, that all the ele-

ments in the annual cost per kilowatt

for transmitting power, except those
dependent upon the line conductors,

may be continually reduced by increas-

ing the amount of power to be trans-

mitted. The annual cost per kilowatt

due to the line conductors cannot be so

reduced. It can be diminished only by
such other means as will reduce the first

cost of the conductors. As the first

cost of the line conductors can be re-

duced only by increasing the voltage of

transmission, and as there is a limit to

which such increase can be carried, it

follows that the limiting distance to

which power can be economically trans-

mitted will depend, finally, upon the

cost of the line conductors and upon
this alone. The limit of voltage referred

to is not necessarily that due to physical

considerations, such as difficulties of

construction, air losses between con-

ductors, etc. ; for, leaving such matters
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A TURNKEY AS USED IN EARLY DENTISTRY

out of consideration, it is easy to im-

agine the voltage carried to such a high
value as will reduce the line conductors

to the point where the increased cost of

transformers and insulators, due to a

further increase of voltage, will over-

balance the saving in the line conduc-
tors, due to such further increase.

tions, both drilling and pumping have
become much simplified. In the Rus-
sian oil fields several large central sta-

tions have been put up,—the first one
in 1 90 1 on the shores of the Caspian

Sea,—supplying power for pumps all

over the district.

Oil well pumping service has opened
up possibilities for the electrically-driven

pump which appear to have been very
promptly developed. Fire risks in the

oil regions are important items, and
their entire suppression by using electric

power has helped towards a general

adoption of it for pump driving. The
advantages of the electric pump in other

respects, however, have not been with-

out influence. Oil wells generally are

scattered over so wide a territory that

any other power than electricity for

operating them is both inconvenient and
expensive. But with electric wires

readily extended in all necessary direc-

In an early number of this magazine
Professor John E. Sweet, in an article

on " The Mechanics of Dentistry,"

mentioned a turnkey applied by the

local cooper to the first tooth he ever

had extracted. It is likely that to most
readers this instrument of torture is un-

known, —hence the probable interest of

the accompanying illustration of the busi-

ness part of one, which not only shows
the instrument, but a fine specimen as

well of the design and workmanship of

the smith of three-quarters of a century

ago. In addition to what is shown,
there was a cross handle, like that of a

gimlet, secured to the square at the end,

which the operator could grasp and give
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a twist to the instrument. The hook
shown separate in the upper figure could
be slipped on either side, too, so as to

make the instrument either right or left

hand. When this hook was hooked
over a tooth and a twist given to the

handle, there was no such thing as slip-

ping off, and if the assistant was able to

hold the patient's head and the operator
had a strong enough hand, the tooth

had to come out. Often the jaw-bone
was split open, and the victim, when
complaining of the punishment, was
always consoled by the assurance that

the performer twisted it the wrong
way.

LYMAN BUSHNELL BRAINERD

President of the Hartford Steam Boiler Inspection and Insurance Company

A BIOGRAPHICAL SKETCH

UPON the death, in December,
1903, of J. M. Allen, under
whose guidance as president

the Hartford Steam Boiler Inspection

and Insurance Company grew from the

smallest imaginable beginnings to the

proud position of being the largest com-
pany of its kind in the world, the di-

rectors of the company were confronted

with the sorrowful and difficult task of

selecting a successor to him, who should
be able, not only to maintain the high

standard that he had established for the

company, but also to carry on the work
of its development in the future as effi-

ciently as he had carried it on in the

past. After much earnest delibera-

tion, the board, last summer, elected

Mr. Lyman Bushnell Brainerd to the

position, by a unanimous vote, paying
him, at the same time, the compliment
of requesting him to continue to serve

the company also in his previous capac-

ity as treasurer.

Writing of Mr. Brainerd in The Lo-
comotive, the organ of the Hartford

Steam Boiler Inspection and Insurance

Company, Mr. A. D. Risteen, the

editor, says:

—

The directors, in choosing Mr. Brain-

erd, based their decision upon his ad-

mittedly broad knowledge of finance

and of insurance, and upon his ability

as an executive officer. Of these qual-

ifications, however, it is not necessary

to speak further at the present time, for

if the board has chosen wisely, Mr.
Brainerd will speedily demonstrate them
for himself. Mr. Brainerd was born in

the town of Westchester, New London
County, Conn., on March 27, 1856.

He was the son of Asa Brainerd and of

Susan E. Brainerd, and was one of a

family of children consisting of five sons

and three daughters. After leaving the

public schools Mr. Brainerd attended

Wilbraham Academy, at Wilbraham,
Mass., and upon completing his studies

there he began his career in the world
by teaching school at Moodus, Conn.
This school is reputed to have been one
difficult to control. The pupils had
taught the previous instructor some few

simple physical exercises, which ended
by his landing upon his native sod, just

outside the window; and when they

learned that a new candidate for similar

honours had been discovered by the

committee, they formally notified him
in advance that his life among them was
in a fair way to be a strenuous one.

The outcome was, that Mr. Brainerd

had some valuable experience; but the

executive faculties that he has since de-

veloped in larger measure were sufficient

for the emergency, and after two or

three test cases had been devised by the

pupils and put into unsuccessful opera-

tion, the school was reduced to order,

and the physical aspects of the education
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gradually gave way to more tranquil

intellectual pursuits.

Although successful in teaching, Mr.
Brainerd had no desire to make that his

life work, and he followed it only for a

short time. On March 27, 1876, he
entered the employment of Mr. Anson
F. Fowler, of Middletown, Conn., who
was agent for the Agricultural Insurance

Company, of Watertown, N. Y. , and
under whose tutelage Mr. Brainerd took
his first practical lessons in the fire in-

surance business.

On May 14, 1878, he became a can-

vasser for the State Mutual Fire Insur-

ance Company, of Hartford, Conn., re-

maining with this company until May
14, 1879, when he left it to accept a

more advanced position with the Jersey

City Fire Insurance Company, of Jersey

City, with which he continued for seven

years. At the outset he was special

agent for the Jersey City company, but

after a time he was promoted to the

positions of general agent and adjuster.

On August 16, 1886, Mr. Brainerd

entered the service of the Equitable

Mortgage Company, of New York city,

as negotiator of bonds and other secur-

ities. In 1887 he was made secretary

of this company, and in 1890 he became
the manager of its bond department.

In the course of his connection with

the Equitable Mortgage Company Mr.
Brainerd was often called to Hartford,

and he met, there, the representatives of

most of the leading insurance companies.

A friendship with Mr. J. M. Allen, late

the president of the Hartford Steam
Boiler Inspection and Insurance Com-
pany, was one of the results of these

visits, and from it came an invitation to

Mr. Brainerd to connect himself per-

manently with that company, as its as-

sistant treasurer. The invitation -was

accepted, and Mr. Brainerd entered

upon his new duties on March 2, 1894.
In the following five years he became
thoroughly familiar with the details of

the company's business, and the success

of his administration was such that on
February 7, 1899, he was elected by
the directors to the position of treasurer.

Four years later, on February 10, 1903,
he was also elected a member of the

board of directors itself, and on July 12,

1904, as is already recorded above, he
was elected president.

Mr. Brainerd' s influence has been
widely felt in Hartford business circles,

and his advice is very generally sought
upon the most varied subjects in insur-

ance and finance. In addition to his

official connection with the Hartford

Steam Boiler Inspection and Insurance

Company, Mr. Brainerd is a director of

the Case, Lockwood & Brainerd Com-
pany, a director of the Security Com-
pany and a member of its finance com-
mittee, a trustee of the Society for

Savings and a member of its loaning

committee, a trustee of the Hartford

Theological Seminary and chairman of

its executive committee.

Personally, Mr. Brainerd is a kind-

hearted, fair-minded man, full of devo-

tion to the company's best interests, yet

approachable by all, and considerate of

all. In a word, the reins of manage-
ment are in good hands, and there is

every promise of the continued growth
and prosperity, under his guidance, of

the Hartford Steam Boiler Inspection

and Insurance Company.
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A MODEL ELECTRIC MINING

THE FIRST HIGH-TENSION TRANSMISSION PLANT BUILT I

MINING COMPANY FOR ITS OWN USE

No. 4

By H. A. Pharo

SCIENTIFIC readers, in general, are

familiar with the remarkable de-

velopment, during the past few-

years, of power transmisson by means
of high-voltage alternating currents.

But perhaps only the travelled few fully

realise the extent to which this method
is being put to practical use, especially

in the far west of America. In sections

where fuel is scarce and correspondingly

expensive industries which would other-

wise be prohibited can be carried on

CARRYING WOOD TO THE MILLS BY BURROS. THE OLD METHOD OF POWER SUPPLY

Copyright, 1905, by the Cassier Magazine Co.
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A VIEW OF THE POWER HODSE AND SECTION OF THE DAM, LOOKING UP-STREAM

profitably by the use of electric power
transmitted long distances.

Mining is one of the industries chiefly

benefited by the use of electricity for

motive power; primarily by reason of

its cheapness it permits the treatment of

ores of very low grades at a profit. The
secondary consideration is that whatever
power,—steam, air, or electricity,—be
used in a mine, it must necessarily be
very flexible and at the same time as

efficient as possible. Although the two
first-mentioned powers are flexible and
efficient to a certain degree, they can-

not compete with electricity in these re-

spects. A comparative test, under
average conditions, would show a wide
margin in favour of electricity, especially

if the latter be derived from a water-

power generating station. It is not

the intention of the writer, however, to

enter into any mathematical comparison
of the relative motive powers, but to

give a simple description of a model
electric equipment,—the first so-called

high-tension system to be installed in

America by a mining company for its

own use.

About three years ago The Trade
Dollar Consolidated Mining Company,
which owns and operates extensive

mining properties near Silver City,

Idaho, decided to substitute electricity

in place of steam for driving its mining
and milling machinery. Coal at that

time cost $17.50 per ton, and wood $9
per cord, delivered. This being an old

camp, all the wood fuel supply had been
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exhausted, and the choice of water
power for generating electricity with

which to run the mines was a necessity.

The immense amount of fuel used pre-

vented satisfactory returns from portions

of the output of the mines.

Having decided on the construction

of a power plant, the power station was
located at a point on Snake River
known as Swan Falls, the river at this

point flowing in a lava canon about 700
feet deep. A sufficient water supply is

obtained for power purposes by means
of a dam, the artificial work of which is

in two sections,—one part on either side

of a small island in the centre of the

river which is thus divided into two
equal channels, each about 450 feet

wide. During the survey it was found
possible to utilise this island as a part of

the dam, thus materially reducing the

cost of construction. To the right is

the overflow constructed after the man-
ner usual under similar conditions.

The foundation is of heavy timbers,

built up to a height sufficient to form
the lower part of the apron. These are

secured to bed-rock by anchor bolts,

and are reinforced by rock filling and
cemented boulders. Upon these founda-

tion timbers are built the triangular-

shaped sections of cribbing. This crib

is 6 feet wide on top, with slopes of 2 to

1 on the up-stream and 1 to 1 on the

down-stream side, with an apron 1 7 feet

long on the down-stream side. To form
the apron, the down-stream side of the

cribbing and the top of the supporting
timbers are covered with very strong

selected planking, the covering of the

HEAD WATER

A CROSS SECTION OF THE POWER HOUSE

top being 12 inches thick, and that of

the apron, 10 inches thick. After hav-
ing been rock filled, the rear or up-
stream side of the cribbing was similarly

covered with 4 -inch planks, laid very
close and backed with gravel. Each
end of the overflow, which is 424 feet

long, is flanked by masonry wing dams.
To the right or power house side of

the island the dam is of solid concrete,

5 feet wide above and 9 feet wide below
the river-bed, and 456 feet long. It is

built up from bed-rock an average height

of 26.5 feet, making its crest 12 feet

above the crest of the overflow dam.
To increase the strength of this portion,

buttresses 5 feet wide were built at right

angles to the dam on the down-stream
side, 17 feet apart, and extending 20

feet down the stream from the main

A CROSS SECTION OF THE DAM
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ANOTHER VIEW OF THE POWER HOUSE

wall. The entire construction in this

channel is of concrete, made of Port-

land cement and gravel, usually in

the proportion of i of cement to 9 of

gravel.

The flow of water varies from 7000 to

70,000 cubic feet per second, depending
on the season of the year. During ex-

treme high water the effective working
head is 17 feet, and 19 feet at extreme
low water. At the lowest stage the

theoretical horse-power of the water is

11,700, or something over 7250 elec-

trical horse-power.

Serving both as the foundation for the

power house and dividing walls for the

wheel bays and draught tube outlets are

seven concrete piers on either side of

the dam; these are 5 feet wide at bed-

rock and 3 feet at the top of the dam,
and form six wheel bays, each 19 feet

wide. Each bay is walled up across the

front to within 31 feet of the power
house floor; covering the inlet openings
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of the bays are iron gratings for collect-

ing debris from the water before passing

through the wheels.

The power house measures, inside,

130 feet by 45 feet, and 17 feet to the

top of the side walls, and special atten-

tion was paid to lighting and ventila-

tion. The walls are composed of con-

crete blocks, 24 inches thick, moulded
and laid after the manner of brick work.

The end walls rest longitudinally on the

outer piers, described above, while as

supports for the side walls arches were
built across the spaces intervening be-

tween the piers and surmounted by steel

I-beams. The roof is of slate over pine

sheathing, and is supported by steel

trusses spanning the entire width of the

building.

The power house structure, bulk-

head, and such portions of the dam as

are visible present an appearance of solid

construction, combined with careful de-

sign, and the exterior of the station,

pleasing from every point of view.

The hydraulic machinery and appli-

ances represent the latest practice of the

S. Morgan Smith Company, of York,
Pa. The plant comprises four 72-inch

McCormick vertical turbines, each capa-

ble of developing 759 horse-power on a

17-foot head. The frames are bolted to

a concrete flooring, 31 feet below the

power house floor, the discharge tube

being directly underneath. A feature

of these turbines is the runner bearings.

Each bearing consists of a stationary

cup of lignum vitae supported by a steel

spider. The revolving part is a conical-

shaped piece of the same material as the

cup, or, more properly, the step, and
these parts are turned to exactly fit each

other. To compensate for wear in these

bearings an adjusting device is provided

to raise the stationary part.

Attached to the top of each turbine

shaft is a 72-inch crown gear, fitted with

wooden teeth, and each of these gear
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THE INTERIOR OF THE POWER HOUSE, SHOWING THE STEP-UP TRANSFORMEBS, AND A REAR VIEW
OF SWITCHBOARD. THE 50O-VOLT TWO-PHASE GENERATOR CURRENT IS

TRANSFORMED TO 22,000 VOLTS THREE-PHASE

while severely plain, presents, with its

supporting arches and the still mill pond
above, or with the white water of the

spillway below, a picture that is most

wheels meshes with an iron pinion, keyed
to a horizontal section of 6-inch shafting.

These sections of shafting, as well as

similar sections carrying the driving
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pulleys, are supported by iron yokes
bolted to I-beams, which set into the

concrete piers. Either of the three sec-

tions, two of which carry smaller pulleys

for driving the exciters, can be con-

nected to one of two wheels by means
of jaw clutches.

The turbine shafts revolve at 77 revo-

lutions per minute, driving the head
shafting at 230 revolutions per minute.

One motor- driven governor, made by
the Lombard Governor Co. , of Boston,

Mass. , controls the speed of all wheels,

operative on a certain wheel, a key is

inserted into keyways cut through the

reciprocating rod at each end of the
rack. Thus any movement of the rod
will be transmitted to the rock shaft

through the rack sector. Each gate
can also be opened or closed by means
of a hand lever, for which sockets have
been provided on each of the rock shafts.

From the same countershaft driving

the governor pump is belted a 4x6
double-acting pump, which forces water
to a 25,000-gallon tank, placed at such

A FRONT VIEW OF THE SWITCHBOARD

in the following manner:—Running the

entire length of the water-wheel har-

ness, through bearing brackets, is a re-

ciprocating rod, to which the governor
is connected by means of a rack and
pinion. The rod also passes through
four similar rack blocks, having the

teeth on the under side and meshing
with 36-degree sectors, keyed to rock
shafts. These rock shafts are mounted
on the under side of the I-beam sup-

porting the head shafting, directly over

the centre of each wheel bay. Each
shaft carries two tumblers; one end of

each tumbler is connected to the cup
gates, and the other to counter weights.

To make the governor or hand wheel

an elevation on the hillside as to give a

pressure of 100 pounds at the power
house. This arrangement provides ex-

cellent fire protection to the community.
The power house is equipped with two
lines of 2-inch fire hose, allowing all

parts to be quickly reached in case of

need.

The station equipment consists of

three 300KW, alternating-current gen-

erators, of the revolving-field type.

They are driven by 44-inch belts at a

speed of 514 revolutions per minute,

delivering a two-phase current of 7200
alternations per minute at 500 volts.

Exciting current is supplied from two
15-KW, direct-current- generators at
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to the head shaft, the armatures revolv-

ing at 600 revolutions per minute.

The switchboard is simple, though of

complete and attractive design. There
are several panels of blue Vermont
marble,—an exciter panel, three gen-

erator panels, a load panel, containing

the instruments for indicating and re-

cording the output, and two panels for

controlling the feeders to the low- tension

ends of the transformers. The wiring

and bus-bars on the back of the board
are well supported, and the whole con-

struction is firmly braced to the floor,

there being no vibration to the board.

The generator field rheostats are of the

railway type, mounted in iron frames,

and are connected to the regulating

dials which are attached to the back of

the generator panels.

There are four raising transformers,

each of 150 KW capacity, comprising

two banks connected according to the

Scott method; they transform from 500
volts, two-phase to 22,000 volts, three-

phase. The transformers are mounted
on iron trucks for easy handling, and
the cases are grounded, the middle
point of all low-tension windings being

brought out to a non-arcing spark gap,

one side of which is grounded. Each
bank can be disconnected from the sta-

tion high-tension bus -bars by means of

bayonet switches. The high-tension

current is admitted to the transmission

line through a set of automatic circuit

breakers, fitted with time limit relay.

This device prevents the opening of the

main breakers at once, when the trouble

might possibly be on one of the branch
lines.

Single-pole static interrupters and
low-equivalent lightning arresters pro-

tect the station apparatus from injury by
lightning discharges and static disturb-

ances on the line. All of the above
electrical apparatus, in fact, the electri-

cal apparatus used throughout the en-

tire system, was furnished by the West-
inghouse Electric & Manufacturing
Company, of Pittsburgh. The station

is lighted by numerous incandescent

and three enclosed arc lamps; it is also

heated by electricity, and a line is run

to the dwelling house used by the oper-
ating department for the same purpose.
The line wires are passed through the

wall of the power house in a very effec-

tive manner, consisting of insulated wire

in two concentric hard rubber tubes,

which are all threaded through the

centre of a pine block boiled in paraffine.

This entire construction is then passed
through the centre of rectangular slabs

of marble set in the wall. No mechani-
cal strain is allowed on the central wire

core, the strain of the line being taken
on the bracket construction outside the

building; the bracket arrangement is

protected by a hood.

The pole line for the transmission of

current from one end to the other is an
excellent piece of work. The poles are

straight cedar sticks, average 30 feet in

length, have 7 inch tops, and are set

5^ feet in the ground. No measures
were taken for the protection of the

bases of the poles; but the tops, gains,

cross-arms, and pins are painted with a

preservative compound. The cross-

arms measure 5}{ x 3}4 inches, are 5
feet long, and are fastened to the pole

by a $/% x 1 2-inch bolt. The poles are

set with mathematical exactness alter-

nately 106 and 107 feet centres on
tangents; this, with the cross-arms
placed on the sides facing each other on
the longer spacings, gives an approxi-

mately constant span for the line wires.

On curves the poles are placed nearer

together and braced, no guys and stubs

being used.

At turns a short cross-arm at the top

of the pole is provided with an insulator

on the side away from the centre of cur-

vature, and to this insulator the top

wire is anchored; this is to prevent the

top wire from falling on those below in

case it should become loose from its

own insulator.

At a point 5 feet below the cross-arms

two No. 12 steel wires for telephone

service are carried on regular wooded
side brackets and insulators, affording

a perfect working local service. Two
long spans are required, one to cross

Big Snake River at the power house,

and the other to rise to the top of the

bluff. On these spans the distance be-
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THE POWER HOUSE AND DAM DURING CONSTRUCTION

tween wires is increased, and " Phono-
Electric

'

' wire, made by the Bridgeport
Brass Company, of New York, is used
to insure sufficient strength.

The line wires themselves are No. 4
B. & S. bare copper, with the exception

of the 450-foot span across the river,

which is of by-metallic wire,—that is,

steel' wire sheathed with copper. .The

insulators, which are of the Mershon
type and of glass, are so placed that the

line wires are at the three corners of an

equilateral triangle having sides 52
inches long; the upper insulator pin is

set directly in the top of the pole, which

is prevented from opening out by a

wrought iron ring, driven on tightly.

The triple-petticoat glass insulators were
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tested to 40,000 volts, and 12-inch

locust pins are used for their support.

The main transmission line is 27 miles

long to the distributing station at

Dewey, the line being transposed twice,

giving three sections of 9 miles each.

From Dewey substation one line runs

to Black Jack Mine substation, 1 y2
miles away, and another to the Blaine

Mine substation, 4^' miles distant.

These lines are identical in construction

with the line from Dewey to the power
house, except that no telephone wires

are carried.

With the exception of the lighting

circuits, the secondary distribution is

three-phase. The step-down transform-

ers are all duplicates. The line loss

being approximately 10 per cent, or

2200 volts, these transformers are ar-

ranged to reduce from 22,000 volts to a

series of voltages ranging from 409 to

480 volts. In addition, taps are brought

ers and low- equivalent lightning arrest-

ers.

All substations are constructed of iron

frames with the roofs and sides covered

with corrugated iron, with the exception

of the gable ends, through which the

high-tension wires pass. The under
sides of the roofs are lined to prevent

condensation in cold weather. These
buildings were put up by the American
Bridge Company, of New York, and
are of substantial design. The floors

are of concrete, and all the cases for

transformers and static interrupters are

connected to a ground wire running to

a plate embedded in charcoal, placed in

moist ground. The high tension wires

are brought into the substations through
construction similar to that described

for the power house, with the exception

that no marble slabs are here used.

They are supported on glass insulators

on wooden pins.
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out to give no to 220 volts for the

small amount of incandescent lighting.

The transformers at all substations are

protected by three-pole static interrupt-

4-2

The secondary bus-bars are supported
by a light angle-iron frame and insulated

by hard rubber bushings. The secon-

dary switchboards are of marble, and
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are equipped with the usual type of

commercial switch.

At the Dewey substation there are

three sets of automatic circuit breakers,

controlling the Blaine and Black Jack
branch lines and the bus-bars feeding

the local step-down transformers. There
are also three 37-KW transformers,

delta-connected, and supplying power
for a 75 H. P. induction motor belted

to an Ingersoll-Sergeant two-stage air

compressor; also for a motor- driven

ventilating fan in the mine, and for

lighting the company's buildings.

The substation at the Blaine mill con-

tains three 37^ KW transformers, delta-

connected. These supply power to a

100 H. P. induction motor driving the

milling machinery, and light the mill

and adjacent buildings.

At the Black Jack mill there are six

37^-KW transformers, comprising two
banks, delta-connected. From one
bank current at 461 volts is carried to

the Black Jack mill to a 75 H. P. motor
driving the milling machinery, and to a

50 H. P. motor belted to a reserve air

compressor. The other bank delivers

current at 480 volts to a set of feeder

lines carried 2100 feet into the mine to

a station. Here is located a 100 H. P.

motor belted to an Ingersoll-Sergeant

air compressor, pumping into common
receivers with the compressor at Dewey.
Air is used only for the power drills and
the hoists. From the feeder lines men-
tioned above branch lines are carried

into many of the slopes and drifts, for

small blowing sets and for series lighting.

The actual work of construction of

this plant was begun July 1, 1900, and
it was put in operation on April 10,

1 90 1, although it was not entirely fin-

ished until the middle of May of the

same year.

The plant was designed and installed

under the supervision of Mr. Lewis B.

Stillwell, of New York, consulting en-

gineer, Mr. James J. Johnston, of Chi-

cago, consulting engineer, being respon-
sible for the hydraulic part of the work.
Mr. A. J. Wiley, of Boise, Idaho, was
chief constructing engineer. The Moun-
tain Electric Company, of Denver, Col-

orado, installed the electrical apparatus
and constructed the pole line.



THE DEVELOPMENT OF CANADA

By George ~W. Colles

TWENTY-FIVE years ago Canada
consisted of the territory lying

north of the United States, east

of the Great Lakes, and south of a some-
what uncertain boundary line paralleling

the Ottawa and St. Lawrence rivers;

and it comprised but four provinces,

—

Ontario, Quebec, New Brunswick, and
Nova Scotia. North of Minnesota lay

a little rectangular block of land called

Manitoba; and on the Pacific coast were
located the two provinces of British

Columbia and Vancouver Island. All

the rest of the territory between the

United States and the Arctic Ocean was
denominated vaguely " British Amer-
ica." Since then the Dominion Gov-
ernment has assimilated the other pro-

vinces and extended itself over all the

remaining territory, so that " British

integral part of Canada, the government
set to work energetically to develop it.

It was parceled out into nine territories,

—Assiniboia, Saskatchewan, Alberta,

Yukon, Athabasca, Mackenzie, Frank-
lin, Keewabin and Ungava, and great

extension was made of the boundaries

of the old provinces, Quebec and On-
tario, which are now each given an
opening on James Bay. Of the above
mentioned, only the first four have any
regular govermental administration; the

remainder are mere paper-divisions, and
at the present time cover territory un-

inhabited except by Indians or Eskimos.
In order to give an idea of the im-

mense extent of territory involved, the

several divisions, their areas and popu-
lation (estimated 1902) are detailed be-

low:

—

AREAS AND POPULATION OF CANADIAN PROVINCES

Division Sq. Mile

Nova Scotia 21,438
New Brunswick 27,985
Prince Edward Island 2,184
Quebec 351,873
Ontario ' 260,862
Manitoba 73,732
British Columbia 372,630
Assiniboia 88,879
Saskatchewan 107,618
Alberta 101,883
Yukon 251,965
Athabasca 196,976 "I

Mackenzie 562,182
|

Franklin 500,000 )

Keewatin 470,416
|

Ungava 354,961 J
Newfoundland.. 42,734/
Labrador 12,000 \

Total 3,800,308

Population United States State of Same
>opulation per Sq. Mile Approximate Area

459,574 21.4 West Virginia
331,120 11.8 Maine
103,259 47.2 Delaware

1,648.898 4.7 Texas, Louisiana and Mississippi
2,182,947 8.4 Texas
255,211 3.5 Nebraska
178,657 0.48 Texas and Arizona
67,385 0.76 Idaho
25,679 0.24 Nevada
65,876 0.65 Colorado
27,219 0.11 Texas

1

Colorado and Wyoming

25,490

5,591,315

Southern States and Missouri
j Southern States

I

Southern States, except Louisiana
L Texas, Louisiana and Mississippi
j Tennessee
| Massachusetts and Connecticut

America '

' no longer exists, except

as a synonym for Canada. This terri-

torial expansion was an outward sign

of a young and growing national senti-

ment.

The appropriated territory being, ex-

cept that part immediately adjacent to

the United States boundary, practically

devoid of inhabitants, experienced no
immediate change; but, being now an

The total area (including Newfound-
land and Labrador), which have not

yet become assimilated to the Do-
minion Government, but are here

considered a part of Canada) is slight-

ly larger than the whole of the United

States, including Alaska (3,567,563
square miles), and very much ex-

ceeds in area the body of the United

States proper (2,970,230 square miles).

283
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It must not be imagined that this

newly incorporated area, or even the

greater part of it, is a barren waste.

The fact is that only the most northerly

and easterly parts, embracing the terri-

tories of Franklin (comprising the Arctic

Islands) and Ungava and parts of Mac-
kenzie and Keewatin, are considered

barren and valueless, and even this area

may hereafter prove of economic im-

portance; while the southern territory

is now known to be fully equal if not

superior in its possibilities to an equal

area of the United States to the south

of it.

The natural resources of Canada,

—

both agronomic and mineral,—are in-

deed immense, and it is surprising that

the country should have remained so

long unnoticed and so little exploited.

But Australia, New Zealand, South
Africa, Mexico and the western United
States have each had their turn, and
that of the Canadian provinces cannot

be much longer delayed.

The thing that most strikes the atten-

tion as one passes the boundary line

from the United States into Canada is

the abrupt transition from a state of

bustle and activity to a leisurely and
provincial existence; compare, for ex-

ample, the neighbouring cities of New
York and Montreal, Buffalo and Tor-
onto, Detroit and Windsor. From a

statistical standpoint, it is the disparity

in population and wealth. In 1902 the

United States had about 79,000,000 in-

habitants; Canada, 5,600,000, or but

one-fourteenth as many. Yet Canada
had considerably the start of the United
States in the matter of colonisation, and
Quebec was a flourishing town when the

Pilgrim Fathers landed on Plymouth
Rock.
Compare, for example the two col-

onies of Nova Scotia and Massachusetts,

—the natural opportunities all in favour

of the former, the material wealth all in

favour of the latter. First discovered

and earliest founded of the continental

colonies, endowed above measure by
fortune with the opportunities for wealth,

with a long coast line, numerous excel-

lent harbours, proximity to Europe,
insular climate, valuable forests, rich

agricultural land, inexhaustible fisheries,

and, above all, with mineral riches, such

as coal, iron, gold, lead, and copper, in

profusion, its comparative poverty and
the miserable and illiterate condition of

a large proportion of the population of

Nova Scotia seem positively inexplicable

when we turn to the Commonwealth of

Massachusetts, with a rugged and in-

fertile soil and none of these advantages,

and yet the richest similar area of ground
in the world. Have we here the para-

ble of the talents ?

We cannot justly account for this

great disparity in growth of the two
countries by any contrast in their natural

resources, situation or climate. It is an
open question whether the resources of

Canada are not even greater than those

of the United States. Canada lies much
closer to Europe; and such differences

in climate as exist are not such as to

conduce to any slackening of activity,

as is seen at a glance by comparing, for

example, the cities of St. Paul and
Duluth (in the latitudes of Montreal and
Quebec, respectively) with their more
southern rivals.

The real cause of the difference must
be sought in the character of the popu-
lation ; and this has been the active cause

from the first. Canada was originally

a French colony,—New England and
the other American colonies substan-

tially English; and the different colon-

ising abilities of the French and English

races is a truism of history. But there

is another consideration no less import-

ant. Only one province of Canada is

really French; the others are Anglo-
Saxon. Nova Scotia was settled by the

Scotch,—a hardy race. But the Pil-

grims and their descendants were the

sturdiest of the sturdy,—the independ-

ents, the congeners of Hampden and
Cromwell,—and when royal tyranny

again asserted itself they were the ones

to rebel. Here was a ground of soli-

darity between the colonies which did

not extend to Canada, for it ill-fitted

with the submissive, quiet-loving and
unprogressive character of the French
colonists ; and the contrast was empha-
sised and confirmed by the settlement

of Ontario province by our Tory refu-
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gees. Thus the United States were
welded by the heat of the Revolution

into a new nation, not only free, but

eager to grow and to progress; while

Canada had no such uniting influence,

—on the contrary, the English settle-

ment in Upper Canada introduced an

element of racial discord which is still

felt there and which has aggravated the

condition of disunity.

With the growing prosperity and
fame of the United States came an in-

creasing influx of settlers, then of the

best that Europe could afford; and
these, of many nations, were welded into

one, the effect being, as usual in crosses,

to " ruin its blood, but much improve
its flesh." A new race was produced,

more fruitful and more vigorous than

any of its component parts, and the de-

velopment of the soil went on at an un-

precedented rate.

Meanwhile, the racial antagonism in

Canada between Ontario and Quebec
was not allayed by the legislative union
of 1 84 1, and the maritime provinces

held apart from both. Decades after

the east and west of the United States

had been bound together by railroads

there was no means of intercommunica-
tion between the detached provinces of

Canada save through the United States
;

not, in fact, until, despairing of private

enterprise, the Dominion Government
itself took hold and pushed through the

Intercolonial Railway to Halifax on the

east in 1876, and the Canadian Pacific

to Vancouver on the west in 1885.

The above bit of history will lead the

reader to a better understanding of the

actual nature and situation of America'

s

Canadian neighbours. Isolated from
one another and from the world, with
different manners and customs, each
engrossed in its own household labours

and dependent for its manufactured
commodities on the United States, it is

clear that nothing like a national spirit

or characteristics could be built up; but
each retained the sympathies and tradi-

tions of the mother country,—France,
England, or Scotland,—and acquired
withal a certain provincialism and (from
the American viewpoint) old-fogyism.

Their political union was brought about

not by any sense of mutual attachment,
but rather by their common and increas-

ing fear and jealousy oi the United
States, the occasions for which were,

first, that country's needlessly aggres-

sive and short-sighted tariff policy; and
second, the American Civil War and
the fear of invasion aroused by it.

The formation of this new nation has

had, and is having, vast results, which
cannot but be beneficial to both nations.

A new national spirit has been rapidly

developed, and with it the desire to de-

velop the national resources. Lands
have been surveyed and laid out, in-

ducements offered to settlers, agricul-

tural stations established, and great

public enterprises undertaken. Among
these latter may be mentioned the new
Grand Trunk Pacific Railway, destined

to open up a wide zone of the northern

territory extending from ocean to ocean;

the dredging of the St. Lawrence River

to permit deep-draught ocean steamers

to reach Montreal, and the great Trent
canal joining Lake Huron with Lake
Ontario, which will give a short cut,

saving hundreds of miles in the trans-

portation of grain to the seaboard and
deflect trade to Montreal.

As regards antagonism to the L nited

States, it is difficult to say whether it is

on the increase or decrease; but it is

certainly a factor to be reckoned with in

many districts. This anti-Americanism

is confined to the English-speaking

natives, and, so far as the writer's ob-

servation goes, to Ontario province; the

aversion of Jean Baptiste is more uni-

versal, taking in, in fact, everything

and everybody that is not French, but

more especially the people of Ontario.

Much unfavourable comment has been

made upon the recent action of the

Dominion Government in excluding

American engineers from the work on
its new transcontinental railway; how-
ever, it must be said that, first, the gov-

ernment was entirely within its rights,

and, moreover was doing no more than

the United States Government does on
like occasion; and, second, that the

case seems to have been one of particu-

lar provocation. During a residence of

nearly two years in Canada, and occu-
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pying a good Canadian position, the

writer, though American, never met
with the slightest antagonism on the

part of the English-speaking Canadians,
nor with anything but welcome and
courtesy.

Canada's resources and their develop-

ment may be classed under four heads

:

—agricultural, fisheries, timber, and
mines. As this is written for engineers,

the first two do not concern us directly;

but a word or two will not be amiss, for

there is no doubt that the question of

food, and hence of labour-supply, and
hence also of manufactures, is one of

vital, if only indirect importance.

The profitable agricultural area of

Canada, when communications are prop-

erly developed, extends over a belt hav-

ing for its southern boundary the United
States, and, for its northern, a line ex-

tending from James Bay east to the Gulf

of St. Lawrence, and in a west-north-

westerly direction to Skagway, on the

Lynn channel. Needless to say, the

majority of this vast area is still a wild-

erness ; but a part of the remainder, espe-

cially in Manitoba, comprises the richest

wheat-land in the world, and much more
almost equally rich is being rapidly de-

veloped,—more rapidly, in fact, than
new elevators and freight cars can be
provided to care for the grain. The
eastern plains of the Rockies, in Alberta
and Assiniboia, lie in the subarid region,

and can be tilled profitably only by the

aid of irrigation, and great irrigation

projects are now being carried out. In

the meanwhile, the land is devoted to

cattle ranches, which are even more
valuable than those of Montana, Col-

orado, and New Mexico, for the snow
is so light in winter as not to form any
serious obstacle to grazing, and the

ranches are not subject to the tremen-
dous blizzards that sometimes wipe out
whole herds on the American Western
plains. The northern limit for grasses

reaches to the mouth of the Mackenzie
River.

The subject of agriculture must not
be left without a reference to the lately

discovered '

' clay belt
'

' of Northern
Ontario,—one of the features that new
explorations are bringing to light. This

clay belt stretches continuously from the

Quebec boundary, near James Bay,

westward, and contains 16,000,000
acres of farming land, thought to be
equal to that of the neighbouring
Temiscaming district at the headwaters
of the Ottawa, recently opened for set-

tlement by both the Quebec and Ontario

authorities, and found to be very rich

land. This great agricultural area is

equal to four-fifths of the settled portion

of Ontario.

The fisheries may be divided into

those of the Atlantic coast, the Pacific

coast, Hudson's Bay, and the fresh-

water lakes and rivers. It is well

known that the fisheries of the Atlantic

offer a practically limitless field for ex-

pansion, as no human need can ever

exhaust the supply of fish. Of this

nothing further need here be said, save

that these fisheries are now utilised

chiefly by the Lmited States and by
foreign countries,—everywhere but in

Canada. Here lies an immense field

for profitable investment,—in the estab-

lishment of canneries and preserving

factories. The Pacific coast fisheries,

chiefly salmon, are also great and capa-

ble of great expansion.

The Hudson's Bay fishing-ground has

been used up to the present time prac-

tically only by Americans, chiefly for

whaling. No doubt exists as to their

richness, but they can be properly de-

veloped only in the more distant future.

The great value of the fresh-water fish-

eries is due to the immense extent of

the Canadian lakes and rivers, and to

the great size and fine flavour attained

by the fish caught in them ; this branch
will, therefore, in the future form a most
important element of the food supply

and material wealth of the country.

The timber supply of Canada is far

greater than that of any other country.

With the exception of the prairie and
subarid areas of the southwest, and the

tundras of the extreme north, the whole
country was originally covered with a

continuous forest, from Labrador to the

Pacific. Unfortunately, wherever civ-

ilisation has touched this great supply it

has been most recklessly wasted. In

Quebec great forest fires occur annually,
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but the people take these as a matter of

course. Who starts these fires nobody
knows, and nobody seems to care; but

the reckless depletion of the already

scanty supply of wood will surely lead

to serious consequences before many
years.

Logging on the Ottawa River was
formerly a great industry, but the sup-

ply here seems to be reaching its end.

Only those parts of the forest can be
utilised which are near large streams

and can be floated down to the mills,

and the number of large streams which
can be commercially utilised for sawmill

operations at the present time seems to

be limited to the area of the Atlantic

seaboard, owing to the cost of trans-

portation. With the removal of the

American tariff on lumber, however,
this would be no longer the case. The
character of the timber is, for the most
part, coniferous, with a large proportion

of deciduous trees,—oak, ash and
maple,—interspersed; hence, most val-

uable for commercial purposes. Indeed,

with the supply of water and water-

power everywhere abundant, the possi-

bilities of the wood-pulp industry alone

seem almost limitless, and with American
forests rapidly disappearing, the utilisa-

tion of these Canadian fields, as a matter

of necessity, cannot be long postponed.

The extent and wide distribution of

the valuable minerals of Canada rest on
two main facts; first, that the crystalline

rocks, and more particularly the oldest

series, known to geologists as Archaean,

are the metalliferous rocks par excel-

lence; and second, that these rocks
cover the surface of almost the entire

country. It is here that the Laurentian
series, the oldest rocks yet found, reach
their fullest development, extending in

a broad ^shaped band, whose base lies

in the angle between the Great Lakes
and the St. Lawrence River, and which
reaches northwardly to Hudson's Bay,
eastwardly to Labrador and Newfound-
land, and north-westwardly to the Arctic

Ocean. In this great area are inter-

spersed also wide zones of Huronian
rocks, and it is more particularly on the
borders of these areas that mineral veins

are found.

The most important, perhaps, of all

the minerals is gold, which is found in

workable quantities in all the provinces.

The Huronian rocks more particularly

are well known as the most promising

sources of this metal, and, in fact, most
of the known auriferous deposits in the

world seem to have been derived from

them. Rivers running into Hudson's
Bay from the west have been found to

be nearly all gold-bearing, and the

duplication of areas like the Klondike
seems to be merely a question of suffi-

cient exploration. There appears, more-

over, to be a strong probability of find-

ing rich metalliferous areas on the bord-

ers of the ridge of Huronian rocks which

runs from the north shore of Lake
Huron in a north-easterly direction and
then easterly; but, of course, the de-

velopment of all such land awaits the

provision of suitable means of transpor-

tation.

With the gold (that is, in the same
class of rocks) occur immense deposits

of iron ore, principally magnetite and
hematite, as well as in the form of

pyrites. There are also known to exist

abundant deposits of copper, and, to a

less extent, lead and zinc. The nickel

mines at Sudbury, which is near the

southern border of the Huronian area

just mentioned, as is well known, prac-

tically control the world's market at the

present time. But copper ore of the

same character (pyrrhotite) without the

nickel, is known to occur in other parts

of the same area, and other nickeliferous

deposits are likely to be found.

In Ontario and Quebec also are found

other important classes of deposits, of

which asbestos, mica, barytes, molyb-

denite and arsenical pyrites (which usu-

ally carry gold and silver) may be men-
tioned. Of asbestos Canada has the

complete monopoly, its source being

the serpentine rocks of Thetford, Que-
bec; and Canada also controls the

United States market for electric mica.

Petroleum is obtained in Gaspe County,

Quebec, on the southern shore of the

Gulf of St. Lawrence and in the extreme

south-western corner of Ontario.

For mineral exploitation Newfound-
land offers great promise of future de-
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velopment, as immense quantities of

rich iron ore are to be found there, be-

sides gold, silver, copper, nickel, and
lead; also asbestos, petroleum, and
coal. These are known to occur, for

the most part, at or near the coast, the

deposit at Belle Island, for example,
lying so close to the surface that it can

be hoisted directly into the holds of ves-

sels lying in deep water. Other natural

facilities would seem to exist here for

the establishment of blast furnaces, in

addition to which this colony has the

advantage of proximity to Europe.
In Nova Scotia, as has already been

mentioned, occur important mineral de-

posits, more particularly gold, iron, and
coal, which have been developed to a

large extent. This colony is, in fact,

the only domestic source of coal for

Eastern Canada.
Turning to the Pacific, we find British

Columbia to be probably the richest of

all the colonies in mineral wealth. The
gold fields of this province have been
well known since 1858, but they have
not been worked to anything like the

extent of those in the United States.

British Columbia possesses a very com-
plicated geological system, embracing
rocks of all ages, and including immense
coal-bearing areas in close proximity to

iron- ore deposits, not to mention other

minerals. The coal and lignite occur
chiefly in the Rocky Mountain system
and along the coast, and the lignite ex-

tends northward to the Arctic Ocean.
This fact, namely, the existence of an
abundant supply of fuel, is, needless to

say, of vital importance to the develop-

ment of the country. A curious fact in

this connection is that one of the great

lignite deposits on the Mackenzie River
has been continuously burning over an
extent of several miles ever since its dis-

covery in 1788. Large quantities of

coal, both bituminous and anthracite,

are found on Vancouver and the Queen
Charlotte Islands.

Enough has been said to indicate the

extent of the mineral wealth. The de-

posits, however, except in a few dis-

tricts, are hardly worked at all. In

travelling over Quebec and Ontario, the

writer saw a great abundance of open-

ings, or " shows," as they are called,

but very little actual working, and only

two or three places where what might
be properly termed mining was seriously

carried on. This is due obviously not

to any fault of the deposits themselves,

but to scarcity of labour, and more par-

ticularly of capital, which is very diffi-

cult to obtain. The British or native

Canadian is over- cautious as regards

mining ventures, and for some reason

or other American capital does not seem
attracted to the Canadian field. This

condition of things, however, cannot

last indefinitely; in fact, there are strong

signs that it is about to change.

There is, it is true, one great lack to

which the whole of the eastern territory

is subjected, and that is coal. On the

other hand, there are two important re-

sources which will ultimately largely

replace this lack; first, the limitless sup-

plies of peat, and second, the abundant
water-power; and here, again, are great

fields for the utilisation of engineering

talent as soon as capital can be induced

to enter on a large scale. As one in-

stance of such development may be

mentioned the Shawinigan Falls power,

equal to about 100,000 horse-power,

where are located aluminium smelting

and calcium carbide works, besides a

power station whence 8000 horse-power

are transmitted eighty miles to the city

of Montreal.

But the most important element which
has prevented the development of Can-
ada by American capital has been the

tariff wall which has been erected be-

tween the two countries, to the great

detriment of both. And aside from
political union, which it has tended to

drive farther and farther away, it has,

from the American standpoint, pre-

vented American utilisation of Canadian
products, as well as stunted, to a large

extent, the trade in American manufac-

tures; while from the Canadian stand-

point, the price of manufactured articles

and machinery on the one hand has

been raised to such a point as to seri-

ously impede the development of Can-
ada's natural resources, and, on the

other hand, has withdrawn from them a

profitable market. It is to be hoped
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that this fatuous and purposeless policy

oi the two countries is to be dropped in

the near future; and the lowering of the

barriers against Canadian products is

certain to mark the beginning of a great

era of development, such as Canada has
never hitherto seen.

In comparing Canada with other new
countries as a field for commercial ex-

ploitation, an American cannot fail to

note several points in which Canada un-
doubtedly has superior advantages. It

is not only close to American doors, but
it is inhabited by a race speaking the

same language as, and nearly identical

with, Americans. The laws and cus-

toms of the country, saving Quebec, are

a joint heritage of the two nations. In

Canada life and property are everywhere
secure, and no fears of revolution or

other political disturbances need ever be
entertained. Canada is, in fact, more
conservative, both in its laws and in the

habits of its people, than is the United
States. The interests of the masses are

better cared for.

On one point strictures may well be
drawn; I refer to the restrictive, and, as

we naturally view it, somewhat oppres-
sive legislation regulating labour in par-

ticular, the Sunday laws of Ontario and
Manitoba. But this is only one expres-

sion of the general provincialism which
must necessarily be outgrown as the

country advances and comes into closer

contact with the world.

Besides this, there is one important
point of difference, most important for

the engineer, between Canada and the

Latin-American countries, such as Mex-
ico, namely, that while labour,— that is,

labour wholly unskilled, —is dirt-cheap

in the latter country, skilled labour has

to be imported; a condition which makes
the country's development impossible

except from without. Now, in all the

settled parts of Canada intelligent and
more or less skilled labour can be had
at a fair price, and skilled labour is al-

ways in demand for some purpose.
While capital is urgently needed, yet
the services of a good man are always
in demand, as they are in America, and
one cannot there become stranded for

lack of employment and die of starva-

tion. There are always possibilities,

always new enterprises and projects,

which can be taken advantage of by the

man who has his eyes open.

As regards the particular province

which seems to offer the most desirable

openings at present, it is difficult to ad-

vise, as each possesses such an undoubt-
edly great possibility for the "entre-

preneur '

'
; and, moreover, it depends

to a large extent on the line of work or

action chosen. In general, however,
the writer may say that the three most
promising provinces are British Colum-
bia, Ontario, and Newfoundland. Those
who have been for several years in Brit-

ish Columbia say that they would not

care to live in the east again, as it is too

slow for them. But those who have
studied the north shore of the great

lakes may well take exception to the

absolute superiority of the western coun-

try. Newfoundland, again, is a prac-

tically new and untouched country,—

a

country for the future; but for the pres-

ent it must be developed wholly from
without, and development should not be
attempted except with considerable for-

eign capital or the possibility of obtain-

ing it.

Although Quebec has great resources

of its own, the writer would not advise

outside exploitation of this province for

a number of reasons, depending on the

nature of its inhabitants, who, as before

mentioned, are suspicious and distrustful

of outsiders, unprogressive, obstructive,

and under the domination of their eccle-

siastics, whose policy is opposed to pro-

gress in almost every direction.

New Brunswick, for similar reasons,

and also because of its natural inferiority,

does not offer many attractions, while the

opportunities of Nova Scotia are now
largely in the hands of big syndicates.

An interesting indication of the com-
parative energy, enterprise and intelli-

gence of the various provinces is offered

by a comparison of the number of pat-

ents for inventions per million inhabi-

tants, issued to their natives during the

ten years ending 1901, which is as fol-

lows :

—

British Columbia, 2128; Ontario,

2065; Quebec, 1007; Manitoba and
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Northwest Territories, 862 ; New Bruns-

wick, 583; Nova Scotia, 469; Prince

Edward Island, 281. During the same
period the corresponding number for

United States citizens was 3167, that is,

50 per cent, greater than British Colum-
bia or Ontario, and 67 per cent, greater

than for Canada as a whole. Were
such states as Connecticut and Massa-
chusetts to be compared with Ontario,

it is needless to say the figure for these

states would be several times as great.

It is worth noting that during this period

60 per cent, of the total number of pat-

ents, or more than for all the other pro-

vinces put together, were granted to

natives of Ontario, where, in fact, the

great body of the wealth and population

of Canada is at present centered.

One word as to climate. If you are

unsophisticated, you doubtless imagine
the inhabitants of the Northwest Terri-

tories passing their winters in sleeping-

bags and snow-huts; but perhaps you
will feel relieved by a glance at the

isothermal map of North America, from
which you will see that the average
annual temperature at Calgary and

Medicine Hat is substantially the same
as at Milwaukee and Detroit. As a

matter of fact, these Rocky Mountain
towns are much less subject to extreme
variations of temperature than are Amer-
ican interior towns, partly on account of

the aridity of the air, but chiefly on ac-

count of the Chinook winds, which de-

scend from the crest of the Northern
Rocky Mountains after having been de-

prived of their moisture, and are warmed
by the adiabatic compression which they

undergo. The even and mild tempera-

ture of the whole Pacific coast is due to

the ocean currents, as is well known,
and needs no further comment. As re-

gards Eastern Canada, the climate of

Montreal and Ottawa is in no respect

less agreeable than that of Milwaukee,

that of Ottawa being particularly genial.

It is true that there are many who prefer

the Southern climate to the Northern;

but the average denizen of the American
Eastern or Middle States will certainly

prefer the climate of Canada to that of

Mexico or Cuba, than which unques-

tionably it will be found more conducive

to vigour and enterprise.

>1



THE WIDENING USE OF SMALL ELECTRIC MOTORS

WITH SPECIAL REFERENCE TO AMERICAN PRACTICE

By F. H. Kimball

TWENTY-FIVE years ago the

electric motor was scarcely more
than a toy, and was hardly to be

found outside of the precincts of some
scientist's laboratory or the collection of

rather crude electrical apparatus on the

shelves of an academy or high school.

Its future possibilities as a leading ad-

junct in manufacturing industries and
the economics of the life of the twentieth

century had hardly been dreamed of.

variety of uses to which they are put

can hardly be catalogued. While the

extent to which the larger machines of

this class are employed is but little real-

ised, the variety of purposes in connec-

tion with which the smaller sizes of

motors have been used is still less known
to the majority of people. It may,
therefore, be interesting to briefly

glance at a few of the varied uses to

which small electric motors have been

-A PORTABLE ELECTRIC HOIST, MADE BY THE LIDGERWOOD MFG. CO., NEW YORK
CAPACITY 1000 LBS. LIFTED 200 FEET PER MINUTE. MOTOR SUPPLIED BY THE

GENERAL ELECTRIC CO., SCHENECTADY, N. Y.

The number of electric motors in use

at the present time in the United States

is enormous,—probably more than 250,-

oo, exclusive of fan motors,—and the

applied and observe how widely their

employment is associated with the life

and industry of the present period

of most strenuous activity. Notwith-

291
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-AN ELECTRICA LLY DRIVEN BANANA CONVEYOR AT NEW ORLEANS. THE CONVEYOR LEG IS

SHOWN EXTENDED FROM THE WHARF INTO THE HOLD OF THE SHIP ALONGSIDE
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3.—THE BANANA CONVEYOR SEEN FROM THE WHARF SIDE, SHOWING WHERE THE BANANAS ARE
LANDED, TO BE PASSED INTO CARS FOR FURTHER TRANSPORT
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FIG. 4.—A CHAIN TYPE ELECTRIC HOIST OF 2000 LBS. CAPACITY. SPEED OF HOISTING, 15 FEET
PER MINUTE. MADE BY THE GENERAL ELECTRIC CO., SCHENECTADY, N. Y.
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standing the fact that the application

of motors to industrial purposes has

been the subject of various maga-
zine articles which have appeared dur-

ing the past two or three years, there is

still much to be said in regard to the

diversity of their uses. It is the writer'

s

purpose, therefore, to mention some of

the more recent as well as less widely

known applications where individual or

direct motor- drive is used, and which
latter cover, in the aggregate, the em-
ployment of fully as large a number of

motors as are used in shops and factories

for group or belted driving.

In Continental Europe the employ-
ment of electric motors for operating

hoists and derricks for handling ships'

cargoes and other similar purposes was
undertaken at an early date in the

chronology of the commercial use of

electricity. America was somewhat
slower to take this matter up energeti •

cally, but at the present time she is

probably much in advance of her older

neighbours in the breadth of application

of motors for kindred purposes.

T_ At New Orleans, Mobile, and else-

where along the American Southern
Atlantic seaboard, may be found inter-

FIG. 5.—A LIDGERWOOD AMMUNITION HOIST WITH
GENERAL ELECTRIC MOTOR AND CONTROLLER.
USED ON THE U. S. BATTLESHIPS " KEAR-

I

" AND " KENTUCKY "

esting installations of conveyors oper-

ated by motors, used for unloading fruit

and other similar fragile articles. A
notable example of this is seen in the

FIG. 6.—ONE H. P. MOTOR DRIVING A HOIST MADE BY THE DENVER ENGINEERING WORKS CO.

DENVER, COL.
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FIG. 7.—AN ELECTRIC WINCH MADE BY THE
SPRAGUE ELECTRIC CO., NEW YORK.
CAPACITY 12,000 LBS. PULL AT A SPEED

OF 10 FEET PER MINUTE

banana conveyor (see Figs. 2 and 3),
a labour-saving device without which no
modern fruit-receiving pier is complete.

A long belt, carrying canvas pockets, is

so arranged that one end may be intro-

duced into the hold of a steamer through
the hatchway and the other located con-

tiguous to the railway tracks which ex-

tend onto the wharf. A n electric motor,

properly geared, keeps this band in con-

tinuous motion ; the bunches of bananas,

in the ship's hold, are laid into the mov-
ing canvas pockets, and are thus ele-

vated and conveyed to a point opposite

the door of the freight car, where they

are removed and hung or piled in the

car for shipment.

Formerly these bunches were brought
out by labourers, a large number of

whom were employed for carrying on
the work. In raising the bunches of

bananas onto their shoulders, carrying

FIG. 8.—AN ELECTRICALLY DRIVEN DOUBLE ICE-CREAM
FREEZER, MADE BY F. E. WHITNEY, BOSTON, MASS.

THE MOTOR IS OF GENERAL ELECTRIC MAKE
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"-

FIG. 9.—DRIVING A CIRCULAR SAW WITH A DUST-

PROOF MOTOR MADE BY THE HOLTZER-
CABOT ELECTRIC CO., BOSTON, MASS.

them over a rather uneven way from the

,-ship to the wharf and thence into the

car, a great deal of fruit was destroyed,

and the bunches themselves were fre-

quently jammed and disfigured. The
present method, in addition to assuring

the transfer of the fruit from the ship to

the cars in thoroughly good order, re-

sults in the saving of a notable amount
of labour.

At Boston, New York, Philadelphia

and other seaboard cities, a large num-
ber of hoists, particularly designed for

discharging coal from vessels, are driven

by electric motors. Nearly all Ameri-
can battleships and cruisers use electri-

cally operated ammunition, coal and ash

hoists (Fig. 5), while in many cases the

boats are handled at the davits by sim-

ilar means. Many merchant vessels are

now provided with electric lighting

plants, and, when so equipped, the use

of motor-driven windlasses for serving

cargo booms and deck hoists is quite

general.

At Norfolk, where many oysters are

received, it was formerly customary to

employ either a horse or two or three

labourers to whip up the bivalves from
the holds of the oyster boats. Within
the past two years a number of oyster

operators have equipped their docks
with back-geared electric motors, the

back-gear shaft carrying a " nigger

head" or winch; this arrangement en-

-AUTOMATIC BAND SAW SHARPENER DRIVEN BY A MOTOR MADE BY THE CROCKER-
WHEELER COMPANY, AMPERE, N. J.

4~3
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-ICE-CREAM FREEZER DRIVEN BY A WESTERN ELECTRIC COMPANY (CHICAGO) MOTOR

ables an oyster boat to be discharged in

one- half the time required under the

older methods and at a very consider-

able saving.

It is often convenient to have some
easily available means of warping a ves-

sel along a dock, and it is also conven-
ient to be able to move freight cars in

terminal yards and elsewhere without
calling for a locomotive on every such
occasion. To meet this requirement

electrically operated windlasses have
been developed, forms of which are

shown in some of the accompanying
illustrations, which enable this object to

be readily accomplished. These wind-
lasses may be located at convenient

points on the dock or in the freight

yards, and the construction and method
of control is of such a nature that they
may be used by the labourers about the

yards and docks without fear of damage.
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In modern woodworking establish-

ments the band-saw has largely super-

seded the circular saw for certain pur-

poses; to sharpen a band-saw by hand
requires a very considerable expenditure

of time, and the results are not always
satisfactory. Motor- driven machines
are now purchasable which will do this

work automatically in the most perfect

manner and at small expense. They
require no attention beyond putting the

saw in position and starting the machine.

Organ blowing is also largely accom-
plished by motors. The apparatus is

under the immediate control of the

organist from his bench, and dispenses

with the necessity of the pump boy,

whose services often are performed in a

perfunctory and unsatisfactory manner.
The electric blower is free from diffi-

culties often experienced heretofore

when hydraulic pumps have been used,

in that there is nothing to freeze and
the apparatus serves its purpose equally

FIG. 12.—A BUFFALO FORGE COMPANY EXHAUSTER
WITH ELECTRIC MOTOR DRIVE

in cold or hot weather, and without

particular adjustment or care being re-

quired.

An especially unique electric organ
blower is that known as the " orgoblo,

"

FIG. 13.—GALLEY OF A STEAMSHIP, SHOWING DISH-WASHING APPARATUS OPERATED
GENERAL ELECTRIC MOTOR
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FIG. 14.—AN ELECTRICALLY OPERATED REFRIGERATING MACHINE, BUILT BY THE FEDERAL AUTOMATIC
REFRIGERATING COMPANY, NEW YORK

FIG. 15.—A 25-H. P. GENERAL ELECTRIC DECK WINCH MOTOR
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made by the Organ Power Company,
of Hartford, Conn. This apparatus

consists of a non-resonant case of cyl-

indrical form, which is virtually the

shell of a pressure blower. Within this

case is an electric motor carrying on its

shaft a vaned fan which furnishes the

blast. The apparatus is much more
compact for a given output than any of

the previous combinations of motor and
bellows or motor and fan. The motor,

although fully enclosed within a practi-

cally sound-proof chamber, where it is

operated freezer (Fig. 11), the cost of

power was about 0.003 cents per gallon,

the price of electricity being 10 cents

per kilowatt- hour.

Where electrically operated freezers

are used, ice crushing machines, adapted
to be driven by similar means, are or-

dinarily employed. The mechanically

crushed ice is far superior to ice crushed
by the usual methods in that the size of

the fragments is more uniform,—less ice

is pulverised and thereby lost,—and as

the operation is very quickly done, it is

FIG. l6.—A PUMP DRIVEN BY A HOLTZER-CABOT ELECTRIC COMPANY MOTOR

well protected against damage, is thor-

oughly ventilated by a strong current of

air, thus enabling it to operate at maxi-
mum output without danger of overheat-
ing. The blast is exceedingly steady,

and is automatically regulated to the
varying requirements of the instrument.

For the freezing of ice cream, motor-
driven apparatus is largely superseding
the older manually operated forms. The
expense of operation is materially re-

duced and the grain or texture of the
product largely improved. In a recent

test with a moderate sized electrically

necessary to prepare only a little at a

time, as occasion requires*. This results

in a considerable saving over the older

methods, where a quantity of crushed

ice was prepared, sufficient for the day's

requirements, perhaps. As finely

crushed ice exposes much greater sur-

face to the air than block or coarsely

cracked ice, the melting is more rapid,

and in preparing only a small portion

at a time with the electrically actuated

crusher an appreciable saving is effected

where much ice is used.

Automatic electrically operated re-
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frigerating machines also afford an in-

teresting illustration of the various pur-

poses to which motors may be applied.

The machine shown in Fig. 14 has a

capacity of heat absorption equvalent to

that obtained from about one and three-

quarter tons of ice melted in twenty-four

hours. Such machines are particularly

applicable to the requirements of restau-

rants, hotels, clubs, dairies, markets and
private dwellings requiring considerable

refrigerating service. For a machine of

this size a motor of about three horse-

power is employed. The regulation of

the power supply, as well as the tem-
perature of the cold box, is effected en-

tirely by automatic devices. Under
fairly favourable conditions of current

and water supply, the cost of operating

such a machine may be quite competi-

tive with ice at $2 per ton, outside of

any consideration of the many other

advantages derived from the elimination

of the use of ice.

Within the past few years the electric

motor has been largely employed in

domestic and household uses, and now
serves an important function in relieving

some of the drudgery incident to the

routine work of the home, the hotel or

the restaurant. Several ingenious ma-
chines for washing dishes mechanically

have been invented, and many of the

large hotels, restaurants and steamships

are now supplied with them. The gen-

eral scheme of design comprises a suit-

able tank, into which may be lowered a

wire basket containing the dishes to be
cleansed. A powerful pump, operated

by an electric motor, supplies a constant

circulation of hot soapsuds through and
over the basket and dishes. In some
of the machines the basket is also moved
up and down in the soapy water by
power from the same motor that drives

the pump. When the cleansing has

progressed sufficiently, the soapy water

is discharged, and a stream of hot, clear

water is turned on. The dishes, when
removed from the washer after this treat-

ment, are quite clean, very hot, and
practically dry themselves.

To be concluded in the March issue.



BREAKS IN OVERLAND TELEGRAPHIC COMMUNICA-
TION DUE TO STORMS

SOME PROPOSED REMEDIES

By William Maver, Jr.

HE severe wind and
sleet storm in the

United States last

November that partook
somewhat of the nature

of a cyclone in Eastern

New York, Massachu-
setts and Pennsylvania,

and which prostrated

the overland telegraph

and telephone wires to

such an extent that the

city of New York was
cut off from the rest of the country for

nearly twenty-four hours, renewed the

agitation for some more stable means
of telegraphic communication than is

furnished by overhead wires.

The business communities were in-

sistent in their demand for relief from
these periodical disarrangements of the

business of the country, and it was even
suggested that the national government
should undertake to provide a system
of communication that would be de-

pendable regardless of weather condi-

tions.

It is not difficult to imagine the seri-

ousness of a situation that might, in

certain contingencies of national import-

ance, arise in the event of the capital

being deprived of telegraphic and tele-

phonic communication by severe storms
for possibly several days at a time. The
situation would, of course, "be worse if

railway communication should also be
temporarily cut off or seriously hamp-
ered, as it was at the time of the great

snow storm of March, 1888 During
the storm of last November the railways

were not seriously delayed, and it was,
therefore, possible to send special mes-
sengers by train from Chicago to New

York with important orders for the pur-

chase and sale of stocks that could not

be handled by telegraph or telephone,

owing to the collapse of the overland

wires between those cities. Some mes-
sages of importance were also sent from
New York to San Francisco by cable

via Europe and Asia.

The possibility of the collapse of tele-

graphic communication was forcibly

brought to the attention of telegraph

officials and the public at least as long

ago as 1849. In that year a heavy sleet

storm visited Tennessee, Kentucky,
Northern Mississippi and Alabama,
levelling the wires and poles so com-
pletely that the territory named was
without telegraphic communication for

over four weeks. And since that time

hardly a winter has passed during which
the telegraph service has not been badly

crippled in one section or another of the

country by sleet or snowstorms, notably

by the great storm of March 12, 1888,

already mentioned. This storm raged

fiercely for three days in the neighbour-

hood of New York, Philadelphia, and
Boston. Eastern New York was de-

prived of telegraphic and telephonic

communication in every direction. In

the city of New York not an overhead

telegraph, telephone, or fire alarm cir-

cuit was left intact, and the town was in

darkness at night, except for the street

gas lights. There was in operation at

that time one underground telegraph

circuit about twelve miles in length,

which was used as far as possible for

fire alarm telegraph purposes. To-day
practically all the electric light and
power circuits and the telegraph and
telephone circuits in New York City are

in underground conduits. The conse-

303
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quence is that, notwithstanding the

severity of the recent storm, as mani-

fested by its effect upon the overhead
wires outside or the city, the operation

of the electric light circuits, as well as

of the telephone and telegraph circuits

in the city, was not disturbed.

The matter of securing uninterrupted

telegraphic communication regardless

of weather conditions is, therefore, one
that has been frequently discussed dur-

ing the past half century, and perhaps
because of the observed beneficial results

of placing the wires underground in

cities the lay mind has, at every recent

recurrence of a break in the telegraph

service, demanded that the wires every-

where be placed underground forthwith,

where they would be safe from the as-

saults of wind, snow, and sleet storms.

It may be premised that the officials

charged with the management of the

telegraph and telephone interests in

America have not been blind to the

enormous losses that these interests sus-

tain by every extensive collapse of their

poles and wires, and it may be safely

assumed that every possible remedy has

been very carefully considered by those

most concerned.

Sleet storms and soft snow storms,

which are the most disastrous in their

wire-levelling effects, are not confined

to any one part of the country. They
occur in the Mississippi valley, in the

vicinity of St. Louis and Memphis; in

Illinois; on the Atlantic coast between
Boston and Baltimore; and one of the

worst sleet storms the writer has ever
known occurred in Nova Scotia and
New Brunswick, in 1871. The damage
done to the poles and wires is not always
directly due to the sleet and the wind,

but is often occasioned by the weight of

the sleet breaking huge limbs of trees

which fall on the wires. Frequently
miles of sleet-laden pole lines fall, like

rows of bricks, when one gives way,
and in numerous instances fifty and
more miles of pole line have been so
completely demolished in one storm
that the cost of repairing the line has
been equivalent to building new lines.

Not only are overland lines subjected

to widespread damage by abnormally

severe sleet and snow storms, but they

are also in many places exposed to the

ravages of forest fires, to avalanches of

snow, to washouts due to floods, and to

destruction by lightning. Furthermore,

the average normal life of a pole line in

all parts of the country probably does

not much exceed ten years. Conse-

quently, if the financial and engineering

difficulties in the way of placing and
operating telegraph and telephone wires

to long distances underground had not

been deemed well nigh insurmountable,

there is not much doubt that the pro-

posed underground cable plan of avoid-

ing the enumerated difficulties which
beset overland telegraph and telephone

lines would long ago have been adopted.

From an operative standpoint it may
be said that for telegraph purposes an

overland wire is from fifteen to twenty

times more efficient than an under-

ground or a submarine cable of equal

length. For example, an Atlantic

cable, operated with the apparatus em-
ployed in overland Morse telegraphy,

would not have a rate of transmission

exceeding two or three words per min-

ute. On cables 400 to 500 miles in

length a rate of not more than six or

eight words per minute would be possi-

ble with the ordinary Morse telegraph

apparatus.

It is only by using the most sensitive

receiving instruments that rates of

twenty-five to thirty-five words per min-

ute can be obtained in long-distance

cable working, and if receiving appa-

ratus of this high sensitiveness were em-
ployed on land lines it would entail

using twisted and paired circuits to

avoid the effects of mutual induction.

It would also involve equipping the

various offices with the necessary appa-

ratus and the keeping of a staff of ex-

pert operators at such stations to manip-
ulate the cable apparatus.

The agitation for underground tele-

graph wires between important business

centres in order to insure the mainten-

ance of communication in times of severe

storms has not been confined to Amer-
ica. In fact, the discussion of the mat-

ter on the American side of the Atlantic

has been mild and desultory in compari-



DESTRUCTIVE EFFECTS OF STORMS ON TELEGRAPHY 305

son with the agitation that has been
maintained in Great Britain for the past

ten or fifteen years for the same object.

Repeatedly during these years and prior

thereto the breaks in the telegraph lines

have resulted in cutting off London from
other parts of Great Britain for days at

a time, so far as telegraphic and tele-

phonic communication is concerned.

At the time of the severe storm of Jan-
uary, 1 90 1, in Great Britain, the city of

Glasgow was cut off from telegraphic

communication with other parts of the

Kingdom for two days, and in the De-
cember storm of the same year London
could communicate telegraphically with
Manchester only by way of Ireland, and
with Glasgow by way of New York.
Owing to these frequent breaks in tele-

graphic communication in Great Britain

the government, in 1897, began the lay-

ing of a so-called experimental under-
ground cable between London and
Birmingham,—a distance of 113 miles,

—which cable was completed after some
delay. The cable used is composed of

seventy-six conductors, each weighing
160 pounds per mile. The conductors
are insulated from one another by spir-

ally wound strips of brown paper, and
the whole is enclosed in a lead pipe 25^
inches in diameter. The cable is drawn
into 3-inch iron pipes in lengths of about
600 feet, the pipes being laid in the

earth about 2^ feet below the surface.

The total cost of this cable, laid, was

;£ 1 60,000 ($800,000), or approximately

^1400 ($7000) per mile. Subsequently
other sections of underground telegraph

cable were laid in Great Britain as stand-

bys in case of collapse of the overland
wires. For example, a cable has been
laid underground between Manchester
and Leeds, 58 miles, and between War-
rington and Carlisle, 42 miles, together
with an extension of 20 miles to Beat-
tock Rise, the cost of which was about
^1120 ($5600) per mile.

The routes for these sections of un-
derground cable were selected with a
view to protecting the portions of the
country most exposed to violent storms.
The difficulties and delays due to breaks
in the telegraph lines were not, how-
ever, overcome by these and other por-

tions of underground cables, and dele-

gations representing the merchants and
officials of municipalities of various parts

of the country urged upon the govern-
ment the completion of underground
cables to Glasgow and Edinburgh and
to Portsmouth, Bristol and Land's End.

In answer to these urgent and con-

tinued demands for underground tele-

graph wire facilities the government
intimated that it did not feel warranted
in proceeding upon so extensive an un-

dertaking, especially in view of the ex-

pressed belief that poles and wires could

be constructed of sufficient strength to

weather the severest storms. Subse-

quent experience, however, contro-

verted this view, for, despite the best

efforts in this direction, the Secretary to

the Post Office, in the latter part of

1 90 1, tacitly acknowledged that the

heavy snow which accumulates on the

wires either breaks them by its weight

or tears the poles out of the ground.

It was admitted at the same time also,

although the details furnished of its

operation are meagre, that the London
to Birmingham underground cable was
not an assured success, inasmuch as to

avoid the effects of mutual induction

two wires must be employed for each

telegraph circuit,—practically as in the

case of telephony,—and that otherwise

the underground circuits were less effi-

cient than overland wires, the speed of

the Wheatstone automatic telegraph

system, which is in extensive use in

Great Britain, being considerably re-

duced by the presence of the cable in

the circuits.

To be able, however, to maintain

communication, even if only at a com-
paratively slow rate, is so much more
satisfactory than to be without any means
of communication whatsoever that at

each recurring snow or sleet storm and
consequent loss of telegraphic communi-
cation the Post Office authorities con-

tinued to be waited upon by delegations

from different sections of the country,

and finally, on the occasion of the visit

of a delegation from Glasgow in 1902,

the government officials stated that the

matter of providing emergency under-

ground cables for use in times of col-
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lapse of the overland wires had resolved

itself into one of finance; that a suitable

underground cable from London to

Glasgow would cost at least ,£700,000

($3.500 »
000 ). an<i that the settlement

of the question, therefore, must rest

with the Chancellor of the Exchequer
rather than with the Postmaster.

As it does not often happen that all

sections of the country are visited by-

severe storms at the one time, it has
been pointed out that an emergency
underground cable, when completed,
need be used only in the sections in

which the overhead wires and poles are

temporarily prostrated. By substitut-

ing the underground circuits temporarily

for the overhead wires for such distances

as the severity and extent of a storm
may require, the retarding effect of the

underground circuits might not be very
pronounced. It may also be noted that

when longer distances are necessary, the

introduction of automatic telegraph re-

peaters at shorter intervals than is cus-

tomary or necessary in overland work-
ing would also reduce materially the

retardation of signaling.

To give an idea of the cost of placing

the existing overland wires in America
in underground cables, it may be stated

that a conservative estimate of the ex-

pense of laying a fifty-conductor tele-

graph cable underground between New
York and Philadelphia places it at ap-

proximately ,£120,000 ($600,000), or,

say, ^1200 ($6000) per mile. This
would afford facilities for only twenty-
five telegraph circuits, as, for reasons

already mentioned, two wires would be
required for each circuit. As there are,

perhaps, three hundred telegraph wires

on the various pole lines from New York
to Philadelphia, it is clear that such a

cable would carry only a moiety of the

business ordinarily transmitted over
these circuits.

When the extent of territory traversed

by the telegraph pole lines in America
is. considered, the conclusion is almost
inevitable that the placing of all of these

wires in cables underground is imprac-
ticable, owing to the enormous expense
and the reduced efficiency of operation
that such action would involve. This

is true to even a greater extent, per-

haps, of the telephone wires.

The financial, engineering and oper-

ating difficulties of placing the telegraph

wires underground have, indeed, been
so fully appreciated in America that the

matter has never been seriously enter-

tained by the telegraph companies, ex-

cept in cities. In all the principal cities,

however, the telegraph and telephone

wires are now in cables underground.

As already intimated, this disposition of

the wires in cities has aided materially

in keeping the wires in operation during

the prevalence of storms.

The introduction of these under-

ground cables, however, in the cities,

comparatively short as they are, has

noticeably lessened the efficiency of the

automatic and quadruplex circuits, as

well as the long-distance telephone cir-

cuits. The alternative appears to be to

endeavour to employ more substantial

poles or wires, or to lay comparatively

small underground cables between the

principal cities of the country, over

which the most important business or

government messages might be trans-

mitted during breaks in the overhead

circuits. Both of these alternatives have
received careful consideration on both

sides of the Atlantic.

About fifteen years ago, for instance,

the Pennsylvania Railroad Company, in

order to obtain a reliable telegraph serv-

ice at all times, had under consideration

the laying of an underground cable

along its tracks between New York and
Philadelphia, and perhaps for greater

distances, and at that time the writer

suggested the employment of a cable

insulated with fibre or paper, to obtain

low electrostatic capacity, and over

which a rubber coating should be placed

to exclude moisture ; but the proposition

was not carried out.

Appreciating the difficulties that at-

tend the placing of telegraph wires un-

derground between cities and towns,

the question of building stronger pole

lines and employing larger and stronger

wires has frequently been mooted. One
plan suggested several years ago con-

sists of using two poles side by side,

between which the cross-arms for the
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wires would be placed. It was pro-

posed, further, that such a pole line

should be placed along a private right

of way, and that it might be patrolled

by linemen on overhead bicycles sus-

pended from the poles by wires.

This plan has not, however, been
acted upon, and when it is considered

that sleet has been known to form on
wires to a thickness of 6 inches, it is ap-

parent that entire reliance cannot be
placed on any type of overhead tele-

graph wire construction,—a conclusion

to which experience has pointed in

Great Britain.

It is probable that for a few years,

while the pole line is new, the poles

might resist breaking; but after the

lapse of several years their resisting

strength would be uncertain. It is pos-

sible that a light armoured emergency
cable, properly strung on the poles,

would in many instances maintain its

continuity even when the poles had col-

lapsed.

In some instances where the wires are

exposed to very high winds, or where
the number of the wires on the pole line

are excessive, the plan of doubling up
the number of poles to the mile has been
adopted, so that instead of fifty poles to

the mile there are a hundred. This
obviously divides up the weight on each

pole very materially, and the results

thus far obtained in these experiments

have been very satisfactory. These
lines have yet, however, to stand the

test of a heavy sleet storm with wind.

It has also been suggested quite fre-

quently during the past four or five

years that wireless telegraphy should be

available in the emergencies under con-

sideration, but up to the present time it

has failed to manifest its value on such

occasions. In fact, there is no absolute

surety that the masts or towers, or at

least the vertical wires, would not be
victims to the heavy storms that play

such havoc with the overland telegraph

and telephone wires, for it has already

happened more than once that the masts

of wireless telegraph systems have suc-

cumbed to severe wind storms. The
reconstruction of these masts could not

be effected during the continuance of

the storm, and the overland wires would
probably be in operation as soon as the

wireless telegraph masts and wires could

be reconstructed.

This is said on the assumption that if

the vertical wires were intact, wireless

telegraphy would be available for long

distances overland. This, however, is

not at present known to be the case, and
there is no definite assurance that wire-

less telegraphy will be available for such
purposes in the immediate future. But
granting that wireless telegraphy were
available for long-distance overland

service, the utmost aid it could afford

in the present state of the art would be

the equivalent of one overland circuit

working in one direction at a time, and
at a low rate of transmission. Wireless

telegraphy may, therefore, be disre-

garded in present calculations as a sub-

stitute for overland wire telegraphy in

times of total collapse of overland tele-

graph wires, although its importance

would be undoubtedly great if it should

be found capable of providing but one
circuit at such times.



SPECIAL FORMS OF CRANES

By Joseph Horner

CRANE -MAKING, like many
other industries, has been too

much dominated in the past by
the trammels of custom. Many cranes

are made even now of which the models
date back a quarter of a century, and
only within the last few years has there

been much departure from old designs.

This is due partly to the much greater

importance which is now attached to the

value of hoisting tackle; but in a greater

degree it is a result of the new agencies,

electricity and compressed air, which
were not at the service of the older crane
makers. Experience is a grand posses-

sion, but it sometimes acts as a wet

blanket on design. Men feel safe in the

ruts and grooves in which they have
lived and worked, but it is wise some-
times to get out of these and seek new
worlds to conquer. Things have been
moving rapidly within the last few years,

and it is well, therefore, at intervals to

take stock of the later advances and see

where we stand.

Crane makers are exercised at present

over the same problems that occupy the

minds of machine-tool makers, engine
builders, and others,—those of general

manufacture and of specialised products.

The industry was never greatly spe-

cialised until recently, the sole excep-

FIG. I.—A 4-TON STEAM GANTRY CRANE, BUILT BY MESSRS. RANSOMES & RAPIER, LTD., IPSWICH
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-A 200-TON GIANT CRANK, ELECTRICALLY DRIVEN. BUILT BY THE BEURATHER
MASCHINENFABRIK, BEURATH, GERMANY

tion being that of lifts, which, however,
formed part of the work of many gen-
eral crane makers. In the regular crane

shops almost every type of crane is

tendered for and orders are secured,

cranes of thirty or forty distinct types
being regularly made, and each in dif-

ferent sizes. Nor is this all, for these

shops also, as a rule, extend their oper-
ations even farther afield and undertake
general construction work, such as out-

side castings, turntables, small engines,

hydraulic work, pumps, gas plant and
plant for water-works. Though these

are being narrowed down at the present

time, they were until recently, and are
still, the staple products of many crane-
making firms. The inevitable disad-

vantages of general practice are, there-

fore, sometimes apparent, when com-
peting firms, who specialise in one or a
few products only, come into rivalry with
the general crane shops. These spe-
cialising firms are increasing, some of

them making nothing but overhead
travellers, others long-armed cranes
only, others electric hoists, and some
common steam cranes, portable and
fixed, and nothing else.

Although these firms ought to be able
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to give a better crane at a

lower cost than the general

shops can, they do not always
do so; while carrying, so to

speak, all their eggs in one
basket, they are, therefore,

less able to tide over bad
times than are their rivals who
handle general work. The
very accommodating policy of

the general shops insures their

getting a considerable amount
of trade, because there always
is a large demand for cranes to

perform special, or particular,

and local service. It must be
so when these mechanisms are

required to work under the

very diverse positions and pe-

culiar conditions, both indoors

and out, which so many have
to do. Strict standardisation

must go, then, if the orders of

customers who desire to be
accommodated are to be se-

cured. What these crane-

making firms do is to stan-

dardise when they can and
utilise sets of work for cranes

differing in certain other de-

tails. Engines are thus taken
in sets and put bodily on
cranes differing in other de-

tails. Hoisting drums and
sets of gear are similarly taken,

and jibs of standard lengths

and sections are stocked. Even
superstructures are taken bod-
ily and put on trucks differing

in size and varying in mechan-
ism, and similarly with jibs;

or standard trucks receive

superstructures of different

types. There are then some
kinds of alterations which do
not add much to the cost over

that of strictly standard cranes,

while a large class of custom-

ers is accommodated.
The term "special" is used

to denote a thing that is novel

or a design that is correlated

to certain working demands
which are nearly constant in

character. Every great group
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FIG. 4.—A GOLIATH CRANE BDILT BY THE ELECTRICAL COMPANY, LTD., LONDON

of cranes answers to a definite demand,
and, therefore, is a specialised product;

but within these groups greater speci-

alisations occur.

Many things operate in fixing the de-

signs of the great groups of cranes.

Thus, there were no '

' Titan
'

' cranes

previous to the manufacture of cubical

blocks of concrete of 40 tons weight

and thereabouts. The Titan is, there-

fore, a special crane, used for nothing

but the setting of concrete blocks and
work related to it; but around this,

—

the main type of massive travelling

crane, with overhanging horizontal jib,

—many details in design have been pro-

duced.

The influence of the big and costly

cargo steamers is seen in several types

of recent cranes,—the long-armed coal-

ing cranes, the portal cranes, the

hydraulic coal tips, taking the place of

the older slow wharf cranes with rack-

ing and derricking jibs, mostly of limited

range of action. Rapid loading and
unloading is rendered necessary by the

capital cost of the mammoth vessels,

which is inconsistent with lengthy spells

of detention by wharf or dock.
Again, the requirements of industrial

establishments have been the direct

cause of much radical improvement in

crane design. The overhead traveller,

spanning the entire area of a shop, and
the lighter hoists and cranes covering

more limited areas are the present-day

system, and these form immense groups,

within which many variations occur.

At the awakening to the inefficiency

of the lifting tackle of ten or fifteen

years ago, electricity was waiting to

supply what was wanting to render the

new requirements practicable, and has

influenced the mechanical details of

cranes also to a remarkable extent for

the better. Indifferent fitting, bad de-

sign and poor materials are inconsistent

with electric driving, in which high

initial speeds are unavoidable. The
modern electric traveller resembles its

predecessors in little except general out-

lines and functions, or even the earlier

electric travellers in which a single

shunt-wound motor was attached to an

existing crane, effecting, by means of

wasteful and undesirable gears, its con-

version from hand, steam or cotton rope

drive to electricity. Electricity has

given us new types of light hoists, per-

fect in all details. It has also simplified
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FIG. 5.—ELECTRICALLY OPERATED JIB AT THE END OF A COAL-HANDLING CRANE, INSTALLED
BY THE ELECTRICAL ENGINEERING CO., LTD., LONDON

many of the movements in big cranes

that were formerly effected clumsily by
shafts and gears or by pitch chains. It

has been the greatest help and the best

tonic that crane makers have received

since the distant periods when water and
steam first supplanted hand power.

Nor has the reaction which has taken
place on the electric details themselves

been less marked. There is a great

deal of difference in these by comparison
with those, say, of only five years ago,

besides which a new and extensive de-

partment of electrical work has been
created. The present-day electrical

equipments bear little resemblance to

those which were made the subject of

early experiments. Motors, controllers,

brakes and careful co-ordination of

power to duty have resulted as a con-

sequence. Electric crane work is now
becoming very much " cut and dried,"

more so than the steam or hydraulic

applications ever were. The early

motors were exposed to dust, and their

high speeds involved much reduction

gear. Now there are few made which
are not wholly encased, or nearly so,

and lower speeds are employed. Cas-

ings are made of steel, instead of iron,

to secure lightness with strength, and
they are more compactly designed, to

occupy less floor space. More im-

portant, too, is the fact that they are

designed specially for the service that

they have to perform,—an intermittent

one,—hence the general preference for

the series-wound rather than the shunt-

wound type. The series motor runs

faster as loads are lighter, exactly as a

crane is required to work. It is made
reversible also, to avoid the use of

clumsy and noisy reversing clutches or

gears that were formerly employed.
And, further, motors are designed for

either continuous or alternating cur-

rents, for varying loads, and also for

voltages up to 500, to accommodate
existing installations.

The shunt motor is started before the
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load is taken by the crane, but the series

motor has to start with the load. Herein

lies the first difference, a starting torque

of the latter being, as required, two or

three times greater than that corre-

sponding with the output of the crane.

The fact that crane service is inter-

mittent in character is taken advantage

of in making crane motors with a spe-

cial winding for giving a large starting

put the
'

' crane output
'

' of the motor,
or the " crane horse-power," and this

is a very practical method of rating.

The value of this output depends largely

on the length of the period of rest be-

tween working loads. This period must
be at least double that of full load; but
if it is considerably more, then the mo-
tors can be used for a much higher out-

put than the crane rating, because they

FIG. 6.—A IO-TON PORTAL WHARF CRANE, 49-FT. RADIUS, ELECTRICALLY DRIVEN. BUILT
THE BEURATHER MASCHINENFABRIK, BEURATH, GERMANY

torque and a high output for short

periods, so that an overload of about

50 per cent, can be safely taken for a

short period. This period is mostly
taken at about five minutes, which is

seldom exceeded in crane work, and is

often considerably less. If the overload
lasts a few seconds, it may exceed the
normal by two or three times. The
Electrical Company, Limited, of Lon-
don and Berlin, some of whose cranes
are illustrated here, term this high out-

are capable of taking overloads of two
or three times the rated " crane out-

put " for some seconds.

From the point of view of overload,

the method of "rating" of Messrs.

Siemens Brothers & Co., Limited, en-

ables a motor to be selected of suitable

power for any class of duty. Each
motor, in this system, is rated to give

three outputs, or maximum effects,

which it will exert during a run of six

hours, without exceeding a rise of 8a
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FIG. 7.—A 4-TON ELECTRIC PORTAL CRANE, 37-FT RADIUS. BUILT BY THE NAGEL & KAEMP
IRONWORKS CO., HAMBURG, GERMANY

degrees F. in temperature above the

surrounding air. These outputs corre-

spond with full or maximum load factors

of one-sixth, one-fourth, or one-third,

respectively, equivalent to two, three,

or four minutes out of every twelve

minutes.

Both continuous and three-phase cur-

rents are used for series motors. The
disadvantage of the former is that the

motors will race on sudden throwing- off

of the load, while little variation occurs

when the latter kind of current is em-
ployed. To obviate risks of racing,

some firms, as Siemens Brothers, make
compound-wound motors, in which the

current is sent by a special form of con-

troller through a shunt field each time

the motor is shut off. The capacity for

overload and the large starting torque

are obtainable equally well whatever
current is adopted.

The controllers and the brakes have
been specialised for crane service in

several ways,—to simplify the work of

attendants, diminish risk of false move-
ments, and to reduce the chances of ac-

cidents to a minimum. Controllers are

designed for crane service in which the

hoisting and slewing motions are oper-

ated by one lever in vertical and hori-

zontal directions, respectively. The
lever is also moved in the direction in

which motion has to take place, upward
for hoisting, downward for lowering,

and to the right and left for slewing in

those directions.

The greatest successes of electricity
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in hoisting work, after the electric trav-

eller, have been scored in the wharf

cranes of the gantry portal type. The
application to the overhead traveller of

the new power agency preceded that of

the wharf cranes, because the difficulties

to be surmounted were less. The
mechanism of the existing power trav-

ellers driven by steam, cotton rope or

square shaft, seemed better adapted to

the substitution of a motor for steam,

cotton rope or hand, according to the

ideas of the time, than did that of the

gantry cranes.

The traveller lifts heavy loads slowly,

the wharf crane light loads rapidly.

The latter absorbs considerably more
power than the traveller does, while the

rapid acceleration of speed of lift, the

equally rapid slowing down, and the

quick reversals give rise to problems
that were not at first easy of solution

when the high-speed shunt motors were
being employed to the exclusion of

series-wound types. As these cranes

operate mostly with warehouses on one
side of the wharves, the steam boiler

with its flying sparks has always been
deemed objectionable; but in cold dis-

tricts the hydraulic pressure system,
otherwise generally valuable, gives

trouble, due to the freezing of water in

the pipes. To prevent this, the ex-

pedients have been adopted of warming
the water at various locations, or the

cranes have been kept running while

doing no work. Glycerine has also

been used in considerable proportions

in the water, but has added to the ex-

pense. The first successful attempt to

apply electricity to gantry cranes was
made at Hamburg in 1891, since which
time these installations have become
very numerous at the German and other

ports.

Fig. 2 shows a remarkable crane of

the gantry or portal' type, of recent

development and designed for wharf
work by the Beurather Maschinenfabrik
Actiengesellschaft, of Beurath and Lon-

-ELECTRICALLY-DRIVEN "ANGLE PORTAL" CRANE AT MANNHEIM, GERMANY. CAPACITY, \\i

TONS ; 29 FT. 6 IN. RADIUS. BUILT BY THE NAGEL & KAEMP IRONWORKS CO.
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don. The type is usually termed the

giant, or sometimes hammer crane, so-

called from its rude resemblance to the

outline of that instrument. Imagine the

jib of a revolving '

' Titan
'

' crane

perched up on a lattice-braced structure,

high enough to clear the funnels and
poles of steamers, and you have the

hammer crane in outline; but the latter

machine is fixed, instead of being porta-

ble, as the
'

' Titan
'

' is. There is, how-
ever, the long horizontal arm, or jib

proper, in the front, and the short arm,
or counterbalance, behind the centre.

The pivoting portion, a skeleton post,

comes down to the base where it pivots.

This design has long been desirable,

but it was not really practicable until

electricity came to simplify the problems

locations of the lifting and travelling

gears, according to whether the crab

carries its own motors and gears, or

whether these are located elsewhere, re-

ducing the crab to a jenny.

Fig. i shows a 4 ton steam gantry
made by Ransomes & Rapier, Ltd., of

Ipswich, which differs from many gantry

cranes in the fact that the crane travels

along the gantry instead of rotating

merely on a fixed bed upon it. The
stability when lifting full loads across

the rails is ensured by rail clips. The
ring of live rollers is more conducive to

steady rotation than the three or four

rollers usually fitted to cranes of this

type. The '

' Goliath
'

' or gantry fram-

ing is made to travel by the crane en-

gines by diagonal shafts and bevel gears.

ma"-

:

A
bhkiJt

FIG. 9.—A 30-TON ELECTRICALLY- DRIVEN ANGLE PORTAL CRANE, BUILT BY THE DUESSELDORFER
KRAHNBATJGESELLSCHAFT C. W. LTEBE, M. B. H., DUESSELDORF-OBERKASSEL

of transmission of power. Being
mounted on lattice-braced staging, the

hammer crane is a portal crane. The
shape of the support in plan is either

trilateral or rectangular, according to

circumstances. Differences occur in the

The number of
'

' Goliaths
'

' of abnor-

mal span now used and being con-

structed is striking. As in America, so

in Germany they are taking the place

of wharf cranes, of ordinary
'

' Goliaths
'

'

and gantry cranes of moderate radii and
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-A 5 -TON ELECTRIC LOCOMOTIVE CRANE, BUILT BY THE OERLIKON
ZURICH, SWITZERLAND

ICHINE WORKS,

spans. The term sometimes given to

them,—bridge cranes,—is one that fits

the design exactly, for they are travel-

ling bridges of 100 to 200 feet or more
in length, spanning lines of track on
railways and wharves and reaching over
ships and barges. Here, too, designs
are already modified variously. There
is the bridge carrying a crab,—shown
in Fig. 4,—the length of whose travel

terminates with the end legs, and there

is the type,—shown in Fig. 3,—in which
the ends overhang like short jibs. Both
of these were built by the Electrical

Company, Limited. Fig. 5 shows one

of the latter with a curious crab which
runs on the lower booms of the bridge,

but which has a horizontal jib standing

out beyond to reach over the water.

The nose form of jib in smaller designs,

examples of which are being now at-

tempted, may probably become a

favourite in shops also.

A travelling bridge crane,—not

shown,—made by the Beurather Mas-
chinenfabrik for the Rhenish-West-
phalian Coal Syndicate, has the record

span of 393 feet 8 inches. A central

leg is fitted to take the weight about the

middle. In these immense bridge cranes
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it is much more necessary to economise
the metal than in those of smaller dimen-
sions.

The bellied form which has been gen-
erally deemed most suitable for trav-

eller girders is seldom adopted in these

vast spans, trussing being relied on
solely. Then the legs, very broad at

the top and small at the base, fulfilling

in one the functions of the legs and of

the angle brackets in the common de-

signs, are admirable solutions of the

difficulty. Such framings would have
been deemed quixotic a few years since;

but then the mind of crane makers ran

in grooves, and old designs were repro-

duced that were unsuited to changed
conditions.

An ordinary gantry or portal crane
cannot be classed now among special

cranes, but a " Goliath " carrying a jib

crane is unusual. It may be termed a

portal crane of unusually large span.

Considered as a " Goliath," the substi-

tution of a jib for a crab gives a swing
of the jib over the ends not possessed

by the crab. In this design the hori-

zontal beams are tied together This
type of crane is shown in Figs. 6, 7 and
8, the last-named being of the angle
portal type. Fig. 9 shows the angle

portal crane without the jib crane.

To be concluded in the March number

ELECTRIC TROLLEY OMNIBUS LINES

By George Ethelbert Walsh

ANOTHER evolution in surface

rapid transit for country districts

is impending. Not satisfied with

criss-crossing the country with steam
railways, electric railways, stage lines

and automobile routes, the modern en-

gineer proposes to monopolise a part of

the highways with so-called trackless

trolleyswhich will carry merchandise and
passengers through regions undeveloped
by the modern transportation lines.

The trackless trolley is an innovation

that has been practically tested on the

Continent of Europe, and experimentally

tried elsewhere, with fair promise of

future success. The legal difficulties of

securing certain rights on the public

highways appear now to be the main
obstacles to its early and complete de-

velopment.

The trackless trolley is a sort of

hybrid,—a cross between the automobile
and the electric railway. Partaking of

the nature of each, it can be classed as

neither. It is not as serviceable as the

electric railway in transporting passen-

gers and freight along its line, and it is

not as mobile and independent as the

automobile stage coach; but its con-

struction and equipment are much
cheaper than the former, and its effi-

ciency is greater than that of the latter.

The most serious item in the con-

struction of any railway is the cost of

the road-bed. This great initial outlay

prohibits the construction of railways in

parts of the country where the traffic

of passengers or goods is not heavy
enough to insure fair returns upon the

capital invested. The development of

electric railway lines is limited to com-
paratively thickly-populated suburban
sections. It cannot penetrate far into

the country unless there are reasonable

indications that population will increase

rapidly in the near future. The ques-

tion of using automobile lines as feeders

for the electric railways has been under

serious consideration for the past two
years; but, with the exception of a few

isolated instances, no practical demon-
stration has been made of the feasibility

of this idea.

The trackless trolley serves as the
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A GERMAN SNOW AUTOMOBILE OMNIBUS ON THE HAIDEBAHN, BETWEEN DRESDEN AND KLOTZSCHE,
GERMANY

'

' missing link
'

' in this chain of coun-
try and suburban traffic development.
Its route is permanent, but its cost of

construction and equipment is so low
that it can operate through a sparsely

settled region and still return good in-

terest on the investment. It taps the

little hamlet a few miles back from the

steam or electric railway; it skirts the

isolated farms in agricultural regions to

carry goods and farm produce to town
or city; it connects two parallel steam
railways so that residents of the country
can take their choice in going to distant

points; it follows the line of fertile val-

leys where scattered farm houses are

shut off from direct communication with
the rest of the world, and, finally, it

opens up new regions for settlement,

promising serviceable goods and pas-

senger transportation from the start.

The trackless trolley may prove the
pioneer, in many parts of the country,

of future important electric railway lines.

As the old narrow-gauge steam railways
opened the way for trunk lines, and
were in time absorbed by the larger cor-

porations which immediately converted
them into standard gauge lines, so the

trackless trolley promises to develop

new regions until the population war-

rants the construction of standard elec-

tric railway lines to accommodate the

increasing traffic. As an important

factor in the future growth of a country,

the trackless trolley enters the field of

transportation with every promise of

immediate success.

The several trackless trolley lines in

operation in Continental Europe afford

abundant evidence of their future possi-

bilities elsewhere. One of the most
important of these new types of sub-

urban lines is the " Haidebahn," run-

ning between Dresden and Klotzsche,

in Germany, and operated by the Allge-

meine Electricitats Gesellschaft, of

Berlin. This road is about two miles

long, and has been in active operation

for sOme time. The regular overhead

trolley wires were strung along the high-

way as feeders to the omnibuses. The
cost of putting up the poles and wires was
about the same as for an ordinary elec-

tric railway, but there was comparatively

little expense for the building of the

road bed. This consisted of one side

of the regular highway, which was
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ONE OF THE OMNIBUSES HAS ITS TROLLEY POLES PULLED DOWN, SO AS TO LET THE OTHER VEHICLE PASS

smoothed out and hardened on the sur-

face by a layer of fine stones and gravel.

The estimated cost for the line construc-

tion, including poles, wires and road
improvement, was in the neighbourhood
of $13,500. An electric railway of the
usual type would cost probably six or
seven times as much.
The trolley omnibuses run over this

trackless line have a capacity of twenty-
two passengers. They are provided
with broad tires to reduce the wear and
tear on the highway as much as possi-

ble. The difference in the cost of oper-

ation of this trackless trolley and an
ordinary railway is chiefly in the amount
of current used, greater expense in the

maintenance of the omnibuses, and in-

creased cost for lubrication. The track-

less trolley omnibuses used about 25 per

cent, more current than the regular trol-

ley cars. But the final cost is in favour

of the trackless trolley, owing to the

more expensive cost of maintenance of

steel rail lines and the installation of

safety devices and their operation. The
saving on the cost of initial construction

of the road-bed is, however, the chief



322 CASSIER'S MAGAZINE

point in favour of the trackless trol-

ley.

Another trackless trolley line in the

Bila valley, after an experiment cover-

ing three months, reported similar re-

sults. On this road the consumption
of current was much higher than on the

Haide road, but this was partly due to

the use of unnecessarily heavy omni-
buses.

The Dresden-Klotzsche line, in Ger-
many, was in operation all last winter

and summer, and a further innovation

has been made this winter in the form
of an electric sleigh. This vehicle is

for use when snow and ice cover the

route, and ordinary electric omnibuses
have difficulty in running. It is the

first of its kind to be used anywhere for

public purposes. The vehicle is similar

to the ordinary trackless trolley car, ex-

cept that the hind pair of wheels have
been replaced by a pair of sleigh run-

ners, and the driving wheels are fitted

with tires especially designed for taking
hold on slippery surfaces. Experiments
were made with the electric sleigh on
the road last winter, and, with new im-

provements, it is expected to prove very
serviceable. The utility of the trackless

trolley was further demonstrated in

France last year. According to tests

made in that country, the practical speed
of the cars on level stretches of roads is

about 8*4 miles an hour.

The price of the specially constructed

trackless trolley cars used in France
was from $3,000 to $3,500, completely

equipped with powerful brakes, lighting

arrangements, and electric heating rad-

iators. The German cars cost a little

more than this sum. A large part of

the income of the trackless trolley must
come from goods traffic, and heavier

cars built for this purpose cost some-
what more than the figures given above.

The omnibuses are provided with very
broad tires, which, instead of injuring

road- beds, help to roll them down, and,

in the tests made in Germany and
France, they have given less cause for

road repairs than the ordinary vehicles

with their usually narrow tires.

While the trackless system avoids all

expense of track- laying, it is probable

that many of the lines will have to pay
for the franchises over well made roads

and turnpikes. The question of regu-

lating their use and rights of public high-

ways is a legal one that is now being

settled in several places. One trackless

trolley company recently had its appli-

cation for a franchise denied by the rul-

ing of a court that there was no law on
the statute books to control their opera-

tions, and, therefore, they would be
outside of the jurisdiction of the courts

if permitted to run.

The question of using trackless trol-

leys as feeders for railroads has been
under consideration for some time in

America. In New England in particu-

lar, where electric railways and the

steam roads have overlapped one an-

other's fields, the value of the trackless

trolley lines may before long prove of

great importance. They would be used
chiefly for collecting goods and pas-

sengers from farms and inland towns
and villages where the service has not

yet reached the point of development
sufficient to pay interest on heavy in-

vestments in laying down rails and
rights of way. Another function of the

trackless trolley in that section of the

country would be to supply summer
traffic along the seaside resorts. The
travel in summer is sufficient to pay a

railway, but in the winter season the

places are practically dead, and interest

cannot be earned on the heavy railway

investments during the short season.

The trackless trolley, by virtue of its

small initial investment, might prove a

paying investment, and tend toward
creating and building up a line of travel

which, in the end, might be profitable

enough for more expensive investments.

Stage coaches, and, more recently,

automobile lines, have hitherto con-

nected some of these small beach resorts

with the railways.



MODERN LABOUR-SAVING MACHINERY

By George Frederick Zimmer, A. M. I. C. E.

vO say that this is the

age of machinery
is, no doubt, to ut-

ter a truism, yet few

people realise how
profoundly the con-

ditions of modern
life have been modi-
fied by the use of

machinery. R e -

garded from the

broadest point of

view the substitution

of machinery for

hand labour means
an infinite expansion

of the power of production. But the

positive value of the service of the en-

gineer to modern civilisation is not to

be measured by mere productivity,

weighty as that consideration must be.

The advantages of the use of labour-

saving machinery extend far beyond the

purely industrial plane.

It is the hackneyed complaint of the

aesthete, of the blind worshipper of

Ruskin, that machinery has turned the

worker into a blind, soulless tool.

Never was there a more complete fal-

lacy. What do labour-saving appli-

ances mean but the subjugation of inert

matter to the intelligence of man ? In

the long run, cheaper means of produc-

tion must spell larger wage-earning

capacity as well as larger capital returns,

of which fact a splendid example is fur-

nished by the Carnegie enterprises.

The Carnegie millions were made
largely by the use of labour-saving ap-

pliances. From the moment that the

ore was taken in hand, many miles away
from the Pittsburgh furnaces, to its final

conversion into steel rails, the best me-
chanical intelligence available was em-
ployed in constantly devising fresh

means of cheapening production, and,

therefore, of increasing profit. The
co-operation of the humblest operative

in the company's employ was enlisted

in the all-important work of reducing

the cost of production. Any man who
had any likely suggestion of any kind

for saving hand labour or increasing the

efficiency of the output of the plant was

sure of an attentive hearing and of sub-

stantial reward for any practical out-

come from it. Over and over again did

the Carnegie works relegate to the scrap

heap machinery which had cost vast

sums, because it was found that more
money could be made by installing a

new and improved plant.

There is probably no field where
labour-saving devices can render more
signal service to industry and public

work than in the handling of bulky and

heavy material. Ore, coke, coal,

stones, sand, etc., can be most advan-

tageously handled by machinery. In

fact, it is difficult to conceive any con-

structional or manufacturing operations

where large masses of heavy material

come into play in which machinery can-

not take the place of hand labour en-

tirely or partially. It may not be pos-

sible to entirely eliminate hand labour,

but the cases where machinery is not

justifiable, from an economic point of

view, are the exception and not the rule.

If ever hand labour could hold its own
against machinery it would seem to be

in the Far East, where human labour is

almost incredibly cheap, as judged by
our standards. Yet tea planters^ there,

to take only one case, have again and

again found it profitable to invest in

ropeways for carrying the leaf over the

long distances that would otherwise have

to be traversed by coolies or beasts of

burden. Light railways are largely

used for conveying the raw berry from

up-country Brazilian coffee plantations

3 23
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to the coast. Such lines are frequently-

taken up and relaid several times in the

course of one year. They are moved
about from one estate to another, as re-

quired, and though this involves a good
deal of hand labour, its cost is more
than defrayed by the expeditious and
cheap carriage of the raw berries.

These are only general illustrations of

the economy that may be realised by
the mechanical handling of the material.

It may be as well to consider the

natural divisions and subdivisions into

which modern labour- saving appliances

fall. First of all, we have appliances

that handle material continuously; that

is to say, which receive and deliver it in

an uninterrupted stream. These appli-

ances are to be found in factories, mills

and workshops, in coal and other mines,

and in gas works and power stations.

The distance traversed by material un-

der such conditions is comparatively
limited.

On the other hand, material may be
moved over relatively long distances by
such appliances as light railways,

whether automatic or not, or by rope
and cableways. In such cases, how-
ever, the material is not lifted or carried

in one continuous stream, but intermit-

tently, in specified quantities which will

be dependent on the capacity of the

separate trucks or buckets, also known
as skips, in which the material is con-

tained. Again, material may be inter-

mittently removed through relatively

short distances, as in the case of steam
navvies and grabs, which, in conjunc-

tion with high-level cranes or cableways,

are of great use in almost all excavating

and dredging work, as well as for un-
loading purposes.

To take, first, appliances for handling
material continuously, we may divide

these under two heads:

—

I.—Appliances for lifting in a vertical

direction, or from one level to another,

commonly known as elevators.

II.—Appliances for moving material

in a horizontal direction, usually called

conveyors.

Essentially elevators, as here to be
understood, are endless belts or chains
which carry buckets or other receptacles

of suitable size and shape for lifting the

material to be handled. Elevators for

handling light material, such, for in-

stance, as grain and its derived pro-

ducts, flour, etc., are usually cased in

wooden or occasionally iron trunks, and
run vertically. The buckets will be at-

tached to an endless band of leather,

cotton, or india-rubber, with insertion,

or some similar material. On the other

hand, such materials as coal, coke,

cement, ashes and ores are carried in

buckets of more solid construction sup-

ported on chains running over sprocket

wheels. Such elevators are generally

inclined at an angle which will vary ac-

cording to the material and other con-

ditions. In almost all types of elevators

the lower terminal is fitted with tight-

ening gear to keep the belt or chain

taut.

The position of elevators and the

speed at which they run depends upon
the material they have to lift. An ele-

vator raising material of low specific

gravity may be driven at a much higher

speed than one intended to handle ma-
terial of high specific gravity. This is

because a speed which would not injure

a material like grain, would, at the point

of delivery, fracture and seriously de-

teriorate the value of coal. Moreover,

the mere impact of heavy bodies would
much shorten the lives of the receiving

shoots or spouts. While grain and
flour elevators, therefore, need not be
taken out of the perpendicular, and can

be run at a speed of 250 to 350 feet per

minute, elevators that raise heavy ma-
terial should not exceed from 50 to 130
feet per minute. Under these condi-

tions the elevator cannot be placed ver-

tically, but must be fixed at an angle of

45 to 6o°; only by this means can a

clean delivery be combined with the re-

quisite gentle handling of the material.

In antithesis to elevators which run

in either a vertical direction or move
from one level to another, we have con-

veyors which move material in a hori-

zontal direction only. The conveyor
has a pedigree of great antiquity. In

the form of the Archimedean screw it is

thousands of years old. A rude kind

of screw made by driving pegs of hard
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wood into a spindle of soft wood seems
to have been used in flour mills of olden

times. The writer has seen such screw
conveyors in an ancient mill, in which,

too, there were some wooden pulleys,

believed to be at least 200 years old.

The modern worm conveyor consists of

a spindle made of a steam pipe, which
is converted either into a continuous

worm or into a so-called paddle worm,
the latter formed by fan-like metal blades

arranged round the spindle so as to form
a broken- threaded screw. This is, in a

sense, a reversion to the primitive form
of screw conveyor roughly fashioned

out of wood.
Screw conveyors can carry all kinds

of material in a horizontal plane, but

they are not without drawbacks. They
are relatively large consumers of power,
and require careful attention to details

of construction, such as the bearings.

As to the power actually absorbed by
them, this varies with the material; the

more cutting the nature of the latter,

the greater will be the frictional resist-

ance, and consequently the heavier the

consumption of power. But to convey
a load of, say, 50 tons of grain a dis-

tance of 100 feet per hour on an 18-inch

or 20- inch continuous worm would re-

quire a driving power of nearly 20 H. P.

This presupposes a suitable and well-

designed worm. On the other hand,

the first cost of worm conveyors is rela-

tively moderate, and, in short lengths,

this appliance will, on many classes of

material, prove efficient and economical.

But any kind of worm conveyor used
for handling harsh and refractory sub-

stances will wear rapidly.

Another type of conveyor is the push-
plate conveyor. This, in principle,

consists of a fixed, open trough, formed
of sheet iron or steel, and angle or chan-
nel irons. The material to be conveyed
is pushed or dragged along this trough
by a series of plates set at right angles

to the bottom of the trough. These
plates are attached, preferably at the
centre, to an endless chain, which, with
its attachments, passes over terminal
pulleys. The plates are not allowed to

touch the bottom of the trough, and are
usually fitted with a skidder bar, which

slides on well greased angle bars form-
ing portions of the framework, as in the

case of bucket elevators. The skidder

bar may preferably be replaced by a

pair of small rollers running on channel

or angle bars.

Push-plate conveyors are used for

handling various kinds of heavy ma-
terial, such as coal, cement, ashes, etc.

,

and can be built for any capacity in

reason. The speed must be varied to

some extent to suit the nature of the

material. For instance, coke, which is

a friable material, should not be carried

at a greater speed than 50 to 90 feet per

minute, while in cases where breakages
are of minor consequence a speed of 180

feet may be reached. The use of this

kind of conveyor for coal and all sub-

stances with sharp edges means rapid

wear.

Types of push- plate conveyors are

often used for hot coke, a most difficult

substance to handle mechanically. A
conveyor fitted with a 27 -inch trough

and malleable iron plates 24 inches

apart, running at 50 feet per minute,

can deliver 20 tons of coke per hour.

A push- plate conveyor for coal with a

trough 20 inches wide and plates 18

inches apart, running at 180 feet per

minute, can deliver 40 tons per hour.

A modification of the push-plate con-

veyor is known as the cable conveyor.

This consists of a V or U-shaped trough

of wood, through which passes a wire

rope with disc-like attachments. The
trough is lined with sheet iron or any
other substance suitable to the nature

of the material to be handled. Convey-
ors of this kind are well adapted to carry

bulky material of relatively low specific

gravity, such as timber, peat, hay, etc.

,

and may be run at 100 to 120 feet per

minute.

The standard method to-day of con-

veying grain and other similar materials

is by a band conveyor. This simple yet

efficient contrivance was perfected less

than two decades ago. It consists

essentially of a band of canvas or rubber

with insertion, which runs over two
terminal pulleys and is supported by a

series of intermediate rollers, these be-

ing more frequent under the carrying
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than under the return strand. Although
originally band conveyors were used, as

they are to-day, for carrying grain be-

tween ships and warehouses or mills,

they are now widely employed as well

for the carriage of heavier materials,

such as coal and ores. In such cases

the band must be made of stouter ma-
terial, while the carrying rollers are so

arranged as to give the top or convey-
ing part the shape of a trough.

Endless bands used for heavy and
bulky material cannot be run at a great

speed; but the size, rather than the

specific gravity, determines the speed.

Thus, for large-sized coal, 150 to 200
feet should be the maximum speed,

while with smaller pieces a higher speed
is permissible, increasing in fhe case of

small coal to 500 feet per minute. Band
conveyors may be run uphill at angles not

exceeding 26 . Bands used for either

heavy or light material can be fitted

with throw-off carriages which will dis-

charge material at any desired point.

Another appliance for conveying ma-
terial in a horizontal direction or at a

slight incline is the travelling trough
conveyor, which consists of an endless

trough, the sections of which are riveted

to the links of suitable chains. The
trough travels over terminal pulleys,

one of which is adjustable to take up
the wear in the joints of the chain.

This type of conveyor may be run at

from 60 to 120 feet per minute, and
may be compared with the push -plate

conveyor in so far as the sections of the

trough take the place of the push- plates

on the endless chain.

The vibrating trough conveyor has
within the past few years come into ex-

tended use for the handling of such
material as coal, cement, ashes, coke,

grain, chaff, etc. , as well as minerals of

all kinds. This conveyor consists solely

of troughs which receive the material to

be conveyed at one end and deliver it

at the other by a series of backward and
forward movements. Like the band
and the travelling trough conveyor, the

vibrating trough handles material with
a minimum of friction,—an important
consideration in dealing with material

that is deteriorated by friction. The

reciprocating motion by which the travel

and discharge of the material are effected

is obtained by a crank and connecting-

rod, the trough itself being supported

on rollers; or the trough may be actu-

ated by a cam, or by cranks with some
kind of quick- return motion. The best

plan is to support the trough on flexible

legs placed obliquely to the trough,

which is set in motion by a small coun-

tershaft and crank. The result is that

the material is made to gently jump with

the tray, thus progressing, not with a

sliding, but with a hopping motion.

When swinging conveyors are used
in greater lengths than, say, 50 feet,

they are balanced; that is to say, they

are made in two parts, one being placed

at a slightly higher level than the other,

the two parts delivering into each other.

In such a case the troughs are actuated

by a double or multiple crank, the

centres of which stand at an angle of

about 180 to one another, so that as

one -half of the conveyor moves forward

the other half moves backward, while

the material moves from end to end in

the same direction, because all the spring

legs are of the same inclination.

The distinct operations of carrying in

a vertical and horizontal direction have

been combined in the gravity bucket

conveyor, which has some affinity to an

elevator in so far as it consists of two
endless chains or ropes held apart at a

fixed distance by bars, fitted with small

rollers at each end. To every link, or

every second link, is attached a bucket,

not like an ordinary elevator bucket,

but movable and suspended from a point

above. It follows, then, that as the

endless chain moves, the buckets are

always in an upright position, whether
they are travelling vertically or horizon-

tally. The buckets carry their loads to

the determined point of discharge, where
they are tilted by an adjustable device.

Combined elevators and conveyors of

this description are very useful in coal

stores where delivery has to be effected

to overhead bunkers. Such an appli-

ance will perform, in one single opera-

tion, what would otherwise require the

use of two conveyors and one vertical

or inclined elevator. Conveyors of this
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type do not require much power, but

can travel at only a low speed, not ex-

ceeding 25 feet per minute.

Another and totally different kind of

combined elevator and conveyor is the

pneumatic elevator, which appliance has

been brought to great perfection in re-

cent years. An elevator of this type is

in constant use at Millwall Docks, Lon-
don. The pneumatic elevator, how-
ever, is suitable only for grain, which is

withdrawn from ships' holds by suction

and discharged into granaries by air

pressure.

There are many other devices for

moving materials at a minimum of

labour and expense, such as ropeways
and aerial cableways, not to mention
automatic truckways and self- discharg-

ing railway trucks, but only passing

mention can be made of them here.

The ropeway, of which the cableway is

a modification, is a device of some
antiquity. In a crude form ropeways
were in use over two centuries ago. A
ropeway consists essentially of an end-

less rope stretched between supports

and carried over pulleys between two
fixed points. From the rope are sus-

pended buckets or skips in which the

material is carried, sometimes over many
miles. If it be desirable, the skips can

be stopped and discharged at any given

point by being led on shunt rails.

The cableway differs from the rope-

way in that the span is usually much
shorter, while the cables, which, as in

the case with ropeways, consist of steel

wire, are carried between two towers
that may be, and generally are, mova-
ble. The head tower, as it is termed,
contains the engine by which the cables

are actuated, the latter being wound
around drums. To one rope, known as

the fall rope, the buckets or skips are

attached. Cableways have been found
of great utility in such operations as

quarrying, dam and bridge building,

and even coaling ships at sea.

The ropeway proper may be either

single or double; that is to say, the skip

may be suspended and conveyed by a

single rope, or two ropes may be em-
ployed, one as a track rope for support-

ing the load on a trolley, and the other

for hauling the load along. Both sys-

tems have their advocates; but, gener-

ally speaking, single lines are laid over

short distances, though it is only fair to

say that single ropeways have success-

fully spanned relatively long distances

and have been carried over very difficult

ground. Ropeways need but compara-
tively little power, and in some cases

where the loads are run down an incline,

the surplus energy generated can be
used for other purposes. But ropeways,
like other means of mechanically hand-
ling material, have their limitations.

They must be taken in as straight a line

as possible, as the rounding of sharp

curves means the introduction of angle

stations which add to the working ex-

penses.



VIRGINIA ANTHRACITE COAL

By L. S. Randolph

HE coal fields of the

world, or such of

those as have been
discovered and
sufficiently de-

veloped to make
their character

known, are al-

most entirely bi-

tuminous, and
except for some Welsh
coals, the only anthra

cite coals previously

known were those of

the great Pennsylvania

fields in the neighbourhood of Scran-

ton, Wilkesbarre, and Mauch Chunk.
In the latter part of the fifties another

field was discovered in South-western

Virginia on the -waters of New River.

This field was developed and mined
prior to the American Civil War,
but not in an extensive way. Manu-
facturers were few, and the mining of

coal for domestic purposes was too in-

significant a matter to justify any outlay

of money or energy. With the abund-

ance of cheap labour in the slaves and
the abundance of wood, no one could

afford to pay for coal such prices as

were demanded at that time.

The coal field lay for thirty years

after the war wholly and entirely un-

known, except for the extreme local

market. Geologists now and then were
astonished to find it, considering it more
of a freak than any regular mineable

deposit of coal. A few promoters ex-

amined it from time to time, but refused

to consider it for the reason, very tersely

expressed by one capitalist, " that so

good a thing could not have lain there

so long a time without having been
picked up."

In 1893 ^e writer of this article came
into the region and found in the investi-

gating of these deposits a never-ending
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source of interest. The consensus of

opinion of the best geologists is that this

coal formation is in what is known as

the Pocoano sandstone, or the earliest

coal-bearing formations. These forma-

tions are barren of coal in the Pennsyl-

vania region, except in one or two in-

stances where a seam of coal one or two
inches thick has been discovered. At
Meadow Branch, near Cherry Run, on
the Baltimore & Ohio Railroad, the

seam is again apparent, having thick-

ened up to about 18 inches; but the

whole formation is inverted and very

much distorted, so that the coal is use-

less for market purposes.

It has been known for the last forty

or fifty years that such coal deposits ex-

isted at this point, and numerous futile

attempts have been made to develop the

property. The coal formation again

shows back of Winchester, Va. , in High-
land County, in Roanoke County west

of Salem, and in Montgomery County
in the vicinity of Blacksburg, the forma-

tion running on up through Pulaski,

extending from there a short distance

into Wythe county, and showing again

in North Carolina. All of the paying

coal of these deposits lies in Montgomery
and Pulaski Counties. Outside of these

two counties the coal is either pinched

out or so broken or crushed as to be

valueless commercially, except for some
special metallurgical purposes.

Unfortunately, the deposits above de-

scribed, except in Montgomery and
Pulaski Counties, are along the seat of

violent geological disturbances, which,

occurring after the coal was formed and
hardened, caused it to crush, and in

many cases become powdered. It is

for this reason that the paying deposits of

coal have occurred in Montgomery and
Pulaski Counties only, and even in

Pulaski County the crushing and dis-

torting have occurred to such an extent
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THE COAL BREAKER OF THE VIRGINIA ANTHRACITE COAL COMPANY AT THE MERRIMAC MINES
NEAR BLACKSBURG

that the coals are in many cases worth-

less.

So far, the only paying mining has

been done in the Blacksburg region and
in the Pulaski region on the Norfolk &
Western Railroad, where the outcrop

crosses the New River. The old Bell

Hampton mine was opened and operated

ten or fifteen years ago, and a number
of miles of narrow gauge railroad were
built to carry the coal to the Norfolk &
Western Railroad. After having been
operated for a few years the property

was abandoned and the rails were taken

up from the railroad.

The mines at Dry Branch, or Kim-
ball, on the Norfolk & Western, and on
the banks of the New River, have been
mined extensively, but apparently not

at any great profit. This seam carries

a belt of bituminous dust 3 feet thick,

which it is practically impossible to burn
under any ordinary boiler, but which is

4-5

used successfully in the smelting of zinc,

and possibly could be used very suc-

cessfully in the dust burners. This coal

otherwise is of very good quality. The
main seam through Pulaski County is

but a continuation of the seams of the

south slope of Brush Mountain; in fact,

Brush Mountain is but a continuation

of Cloyd's Mountain and Little Walker
Mountain, in Pulaski County. The
character of the coal is the same, except
that the dirt seam in Montgomery
County seems to lessen in thickness.

Price Mountain, which is a short spur
running parallel to Brush Mountain and
about six miles east of it, practically ex-

tends from the divide at its eastern end
to the New River. The coal here lies

on both sides of the mountain, the anti-

clinal axis of the basin being coincident

with the axis of the mountain. There
is no parallel formation either north or

south corresponding to the Price Moun-
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tain formation. In other words, the

field has only one outcrop, except in

Montgomery County, where there are

three separate outcrops, only one of

which, the Brush Mountain, is continu-

the Brush and Price Mountain fields

shows these formations to be the same,
and it has been held that the similarity

of the deposits, together with the fact

that they are dipping towards each

ENTRY IN MERRIMAC MINE

ous from Pennsylvania to Wythe
County.
The character of the coal changes

quite rapidly, and all developments are

dependent upon the most thorough

prospecting. On the cross-section of

the Pulaski seam, which is an extension

of the Brush Mountain field, the band
of dust, or minings, is very much greater

than in the Brush Mountain field.

Again, the marked similarity between

other, indicates that the coal lies under

the Blacksburg valley, and that the

synclinal axis of the basin is coincident

with that of the valley. This is unques-

tionably incorrect; the true condition is

that shown on the cross section where
the upheaval of the Trenton or under-

lying limestone is indicated.

The character of the coal in the vein

varies very much from top to bottom.

In the sections shown of the Brush
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AMERICAN LOCOMOTIVE COMPANY

Mountain field and of the Price Moun-
tain field, the coal near the bottom is

rather soft and tender, but very low in

ash, running as low sometimes as 3 per

cent, and 4 per cent. As we go to-

wards the top of the vein, the coal be-

comes harder and higher in ash. The
slates are all rather dark in colour, and
some of them are so filled with bitu-

minous matter as to make it practically

impossible to tell them from coal except

by their weight and their flinty char-

acter. Some of these bands of slate are

made up of small pieces which are cov-
ered with a thin layer of coal, making
it impossible for the ordinary person to

recognise them as slate.

The gravity of slate is very much
greater than coal, making automatic
separation very easy. The coal is very
light, the most marked difference be-

tween it and the Pennsylvania coal be-

A CROSS-SECTION THROUGH THE BLACKSBURG COAL FIELDS
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ing in this characteristic. A 6o,ooo-lbs.

car seldom will hold more than 55,000
to 57,000 lbs. of coal. The fossils of

this formation are comparatively few.

The fire clay which overlies the coal is

filled with grasses. In some cases ferns

are found in the slate bands and in the

formation immediately under the coal.

The fronds of the ferns are blunt, not

pointed, as in ferns of the present day.

One or two quite large sections of the

lepidodendrids have been found. These
are all of the fossils so far discovered.

No molusks, or similar animal life, have

been brought to the writer's attention.

It should be said that these deposits are

near the summit of the mountain, or

rather, on the divide separating the

waters of the Roanoke River and the

New River, the former emptying its

waters into the Atlantic Ocean and the

latter into the Gulf of Mexico, thus

forming the summit of the Allegheny

Mountains.

The total estimated acreage of the

Montgomery field is about 7000 acres.

This includes the coal between the coal

outcrop and the limestone outcrop. In-

dications are that the coal is mineable

within a few hundred feet of this lime-

stone fault; hence, the entire region be-

tween the coal outcrop and the lime-

stone fault is included. On this basis

the total estimated tonnage of the

Blacksburg field would be 70,000,000

tons in the big seam alone, with possi-

bly 25 per cent, of this amount available

from the little seam, making a total of

100,000,000 tons of coal in the Blacks-

burg field alone. The developments in

the Pulaski field are not sufficiently

numerous and recent to enable any defi-

nite tonnage to be fixed on this region.

Any figures which can be given on this

field are too uncertain to be trusted.

This estimate also throws out consider-

able property where the strata are so

faulty and broken as to make mining

impracticable.

The extent of the deposits in the

Pulaski field is yet to be determined,

but it is almost as extensive as the

Montgomery field. It extends, and

has been more or less developed, from

New River to the city of Pulaski ; but

SOFT SLATE

HARD SLATE

SECTION THROUGH THE PULASKI COAL FIELD

all operations except those at New River
have been practically abandoned. The
coal, as shown by chemical analysis and
its physical characteristics, has rather a

striking resemblance to the deposits in

the Lykens Valley region of Pennsyl-

vania. In fact, it is almost impossible

to tell the two apart. Its lustre is not

so great, however, as the usual run of

Pennsylvania coal, nor is the fracture so

decidedly concoidal. It is more tender

and carries more volatile combustible,

but it gives absolutely no smoke, except
with very careless firing; chimneys are

entirely free from soot, and the ash is

white, though in some places there is

sufficient iron to give it a reddish tinge.

For ordinary domestic uses there is little

or no clinkering except where fires are

very heavily forced. Certain constit-

uents of the ash seem to melt and form
just the right amount of clinker to give
satisfactory results for steam boiler work.
The chemical composition is shown by
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IN THE MERRIMA.C MINE

the following results obtained from sam-
ples selected by the writer:

—

Price
Mountain

Brush
Mountain Pulaski

Per cent. Per cent. Per cent
Volatile Combusti-
ble and Moisture. 10.2 9.3 10.7

Fixed Carbon. 79.4 79 6 73.1

Ash.. 10.4 11.1 16.3

The above represents average results

obtained from analysis made by the

writer and by Prof. Robert C. Price, of

the Virginia Polytechnic Institute. The
coal seems to carry a considerable

amount of occluded gases; but only at

one point, viz., on the south side of

Price Mountain, at Merrimac Mines, has
fire-damp been discovered to an ap-

preciable extent.

The coal outcrops on the flank of the

mountain, usually pretty well towards

the top. So far, five seams have been

discovered, running in thickness about

as follows:—No. i, 5}4 feet; No. 2, 2

feet 3 inches; No. 3, 6 inches; No. 4,

4^ inches; and No. 5, 2 inches. No.

1 is mined in the Price Mountain field;

but in the Brush Mountain and Pulaski

field both No. 1 and No. 2 seams are

worked, particularly in parts of the

Brush Mountain field, where the No. 2

seam widens out to 3 feet, and, as it has

only one. thin slate parting, it can fre-

quently be mined to greater advantage

than the larger seam, where only a small

amount of coal is needed for home con-

sumption. The development of this re-
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I

SOFT COAL

SOFT SLATE

HARD SLATE

HARD COAL

SOFT COAL

MEDIUM COAL

HARD SLATE

<A^. MEDIUM COAL

<AA BONE COAL

MEDIUM COAL

SECTION THROUGH THE BKUSH MOUNTAIN
COAL FIELD

gion has been very singular. Prior to the

Civil War coal was mined on the south
side of Price Mountain near the eastern

end and marketed in rather an extensive

way, considering the times. The late

Mr. Montague, of Christiansburg, Va.,
and Mr. Isaac H. Adams, now a resi-

dent of Lynchburg, Va. , were operating
at that time, and had sunk slopes to a
depth of 450 to 500 feet, finding good
coal all the way. Their mines were de-

stroyed in a raid made by General
Averill near the close of the war. It is

claimed that some of this coal was in

the bunkers of the Merrimac, or more
correctly the Virginia, in her fight with
the Monitor in Hampton Roads, the

coal being shipped by the Norfolk &
Western Railroad from Christiansburg
depot, which is about four miles from
the old Montague operations near the
present village of Merrimac.

Since then the field has been handled
entirely by local men, digging a little

here and there, seldom over 50 or 100
feet, where the difficulty of removing the
water would become too much for their

engineering skill and so forced them
to abandon their workings. The fact

that nearly all of the coal had to be
handled over mountain roads, which are

for months utterly impassable, made the

season—practically from the middle of

August to the last of November,—so

short that it did not pay for any large

amount of capital to enter into the

venture.

The whole outcrop, however, in the

Blacksburg and Pulaski region is honey-
combed with these small openings,

many of which have fallen in, and all

surface indications thus erased by the

hand of time. While these openings
have done nothing more than to enter

the outcrop, thus taking the coal which
is usually left in all good mining opera-

tions, they have served to develop the

region and to show very thoroughly the

character of the deposits, and hence,

when carefully examined, prevent very
effectually capital being wasted on un-

profitable seams.

Much that has been said in regard to

the Blacksburg region can be said of the

Pulaski field, with this exception, how-
ever, that in the Pulaski field in the last

eight or ten years practically all opera-

tions have been abandoned except one,

the Kimball mine, and in one case, as

already mentioned, a narrow-gauge road
was taken up and the mine closed on
account of the unprofitable character of

the deposit. The large amount of slate

and the large seam of dust in the centre

of the seam, amounting in the seam
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shown to 3 feet, makes the cost of min-
ing excessive. The only mine that has

been kept running in this region is what
is known as the Kimball mine, where
the outcrop crosses the Norfolk &
Western Railroad on New River, and
the mine mouth is immediately at the

railroad. This property was recently

acquired by the Pulaski Anthracite Coal
Company, which is making extensive

improvements, and which has a promis-

ing outlook.

The developments in the Blacksburg
field, except the amount of coal handled
by local parlies, were largely abandoned
after the Civil War, and all deposits lay

idle until the spring of 1898, when the

Brush Mountain Coal Company was
organised, with L. S. Randolph, presi-

dent, and Guy F. Ellett, secretary and
treasurer; J. W. Walters, Dr. R. T.

Ellett and Mr. Ed. Gardner as directors

and stockholders. These gentlemen
purchased a large amount of the Price

Mountain field, which, being much
nearer to the Norfolk & Western Rail-

road, and controlling the only feasible

route for a railroad through Price

Mountain, 'practically controlled the sit-

uation. They carefully studied the

region, leased one mine to a competent
local party, and in other ways developed
the mines carefully and thoroughly and
put the whole region on a good basis,

showing what the property was worth,

and demonstrating thoroughly its

enormous value. To these gentlemen
is due the rediscovery and development
of the region.

In the fall of 1902 they became asso-

ciated with Mr. W. J. Payne, of Rich-
mond, Va. , and the latter, after having
the field examined by Mr. William
Griffith, of Scranton, Pa., leased the
coal-mining rights of the Brush Moun-
tain Coal Company, organised the Vir-

ginia Anthracite Coal Company, and,
taking over a charter for a railroad from
Christiansburg to Blacksburg which had
been secured by the Brush Mountain
Coal Company, organised the Virginia
Anthracite Coal & Railway Company.
Mr. W. J. Payne, of Richmond, Va.,
is president of the coal company, and
Mr. T. L. Newell, of Kingston, Pa., is

president of the coal and railway com-
pany. The Virginia Anthracite Coal &
Railway Company has extended its road
to Merrimac Mines, in Price Mountain,
and to Blacksburg ; in the near future

the road will be extended to the Brush
Mountain field.

The companies now operating in the

Blacksburg region, with the exception

of the Virginia Anthracite Coal Com-
pany, own but a few hundred acres of

coal land. With the exception of these,

practically all of the coal property which
contains mineable coal has been acquired

by the Virginia Anthracite Coal Com-
pany, which holds, by lease or direct

purchase, 1000 acres in the Brush
Mountain field. That is all of the mine-

able coal north of New River, except

the previously mentioned small acreage

owned by other companies or in the

hands of private parties.

The mining operations of the Pulaski

Anthracite Coal Company, which is

operating the old Kimball mine at Dry
Branch, on the Norfolk & Western
Railroad, are in charge of Mr. J. H.
Rarrott, of Salem, Va. , who was for

many years manager for the same com-
pany at Lonaconing, Md. , in the George
Creek bituminous field. This company
is erecting a large tipple at Dry Branch,

together with about forty miners' houses.

The mining operations of the Virginia

Anthracite Coal Company are in charge

of John R. Wilson, who was born and
raised in the Pennsylvania region, and,

until coming to the Virginia Anthracite

Coal Company, was prominently con-

nected with the Delaware, Lackawanna
& Western Railroad. He is thoroughly

posted in mining and handling coal of

this character. The coal company has

erected a breaker, and in this the coal,

after being hauled from the slope, is

prepared for the market by a thorough
screening and sizing. The breaker

has a capacity of 500 tons a day with

the machinery at present installed,

and by installing duplicate screens and
other machinery, the capacity can be

more than doubled. The breaker also

has a storage capacity of 500 tons.

The coal is hoisted direct from the

mine mouth to the top of the breaker,
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where it is dumped into a large pocket,

and from which it is drawn onto the

picking table where all the lumps of slate

are removed. The coal is then again

hoisted to the top of the breaker and
run through screens, which sort it into

the various sizes, these being the same
as those adopted in the Pennsylvania
field. The coal, after being sized, is

again run over automatic slate pickers

and again hand-picked. The breaker
is now running forty to fifty cars per

month.
Work is being pushed very rapidly

on the mines, sinking the slope and
driving the entries, and as soon as suffi-

cient ground is opened up, additional

machinery will be installed, so that the

breaker may be raised to its maximum
capacity of iooo tons a day.

The company is erecting a large

number of employees' houses, and is

rapidly extending its facilities for hand-

ling business. It has a commissary,

and is now employing seventy to eighty

men. Agencies have been established

in Cincinnati, St. Louis, Roanoke, and
Richmond, where the coal sells in com-
petition with the Pennsylvania coal.

Thus far, the market has been readily

absorbing the supply of coal at prices

comparable with the Pennsylvania pro-

duct, and it seems the quantity yet to

be mined is almost unlimited in extent.

Gfatrretit topics

After the South African war, when
the water had been pumped out of the

mines in that country, a number of the

dynamo machines that had been used
in the mines and which had been sub-

merged for over a year were brought to

the surface. It was at first thought that

these generators were injured beyond
repair; but, much to the surprise of all

concerned, after the machines had been
thoroughly dried out by heat, it was
found that they were as efficient as be-

fore the flooding of the mines. Perhaps
this result would not have been so as-

tonishing if it had been known to the

persons interested that for some years a

small motor used in electric launches

has been operated successfully under

and in the water. In this instance the

propeller is mounted directly on the

shaft of the motor, which is enclosed in

a spherical steel or brass case. There
is no stuffing box to prevent the en-

trance of water into the case. On the

contrary, small holes are made in the

case to admit the water around the bear-

ings and the armature. The result is

that the friction of the ordinary stuffing-

box is dispensed with, and, furthermore,

the water lubricates and cools the motor,
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so that a higher efficiency and greater

durability are obtained. When the
motor is employed in salt water, the
electrical conductivity of which is much
higher than that of fresh water, the

motor is contained in a nearly water-
tight case, the shaft passing through a
bushed bearing. To prevent any leak-

age of salt water into the case, the latter

is filled with fresh water through a suit-

able opening, and is renewed as often as

necessary, say every three.or four days.

The propeller and motor, together with
a rudder, are supported by an upright
post bracketed to the boat that takes
the place of the usual rudder post.

Consequently, the propeller also assists

in the steering. Whether these ex-

periences contain the germ of a sugges-
tion for the operation of more powerful,

especially high-tension, dynamos in in-

sulating liquids, remains to be seen; but
for the purpose to which the idea has
thus far been utilised it has been found
very satisfactory in practice.

Niagara River develops eight and
one half million continuous horse- power.
This rate of work is entirely beyond
human conception, but some faint idea

of it may be got by reference to the

amount of coal that would be consumed
to develop energy at the same rate. If

two pounds of coal were burned per
horse power per hour, the weight con-
sumed in that time, to equal the work
of Niagara River, would be 8500 tons.

Continuous work for one year at this

rate would require 74,460,000 tons of

coal, or more anthracite than the United
States produced in the year 1900, when
the entire output was 57,464,235 tons.

This prodigious power, except the rela-

tively small amount that is devoted to

useful work, is now continuously ex-
pended in carving a deep, narrow chan-
nel through the strata of rock, about
twenty miles wide and more than 300
feet thick, that separate Lakes Erie and
Ontario. Already the strong hand of

the water, armed with stones and silt,

has carved the great canyon of the lower
river, about six miles long, from Niagara

Falls to the foot of the escarpment at

Lewiston and Oueenston. In many
thousands of years to come, if the work
of the river is not interrupted, the 14
miles of canyon that remain to be ex-

cavated between Niagara Falls and the

foot of Lake Erie will be completed.

Then that lake will narrow down to a

river and the falls will be transferred to

Detroit River.

A warning against the careless use

of boiler tube cleaners, given in a recent

issue of The Locomotive, published by
the Hartford Steam Boiler Inspection

& Insurance Company, is worth bear-

ing in mind by all boiler attendants.

It is confined mainly to those forms in

which the apparatus employed com-
municates to the tube that is being

cleaned a series of shocks of greater or

less severity, either by directly ham-
mering against the tube or the scale, or

by the rapid rotation of a cutter or other

revolving device which is corrugated or

otherwise irregular in shape, and which
strikes its blows in virtue of that irreg-

ular shape, the rotation, and the cen-

trifugal force by which it is urged out

against the tube. In the case of one
particular cleaner,—of the kind that

hammers against the inside of the tubes

of a fire-tube boiler, with the intention

of rattling the scale off from the outside,

—the apparatus, instead of being con-

stantly rotated and moved along the

length of the tube, had been allowed to

remain in one position for a short time,

so that the hammer had pounded against

the tube in one spot. This was indicated

by a bright area on the inside of the

tube. The result was, that the tube was
forced out into an oval shape, the great-

est bulge coming opposite the bright

spot, and the larger number of the tubes

thus affected collapsed. The cumula-

tive effect of the blows of a power cleaner

of this type, when the cleaner is per-

mitted to remain stationary for a short

time, is said to have been shown also

by the actual splitting of tubes in severe

cases. Still another effect may be the

stretching of the tubes longitudinally so

as to loosen them in the heads and cause
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leakage and loss of holding power.

These results, we are told, are not con-

fined to cleaners which strike against

the inner surfaces of the tubes of fire-

tube boilers, but are liable to be observed
in any type of power cleaner which
operates by repeated concussion upon
the tube or upon such scale as may be

attached to the tube. Of course, it is

proper to bear in mind that the effects

in question are due to improper use of

the cleaners.

In the case of cleaners whose action

involves the discharge of steam into or

through the tubes, leakage around the

tube-ends, or the actual extension of the

tubes through the heads or headers, is

liable, according to The Locomotive, to

be caused by the direct expansion of the

tubes, due to the heating effect of the

steam. If the tubes and the shell were
all heated at the same time and by the

same amount, there would be no stresses

introduced by the heating, the danger
being, not from the heat itself, but from
the stresses caused by the fact that the

expansion is local, and practically con-

fined to the tube that is being cleaned.

It is easy to see that if one tube grows
longer from thermal expansion, while

the rest of the boiler retains the dimen-
sions that correspond to its lower tem-
perature, a stress of some magnitude
must be thrown upon the tube and upon
the heads or headers into which it is

secured. The rise of temperature of a

tube that is being cleaned by such a de-

vice is often considerable, for if a tube

is at all foul with scale, it may require

twenty minutes or so to bring it into

proper condition. Manufacturers of

tools of this kind, being alive to the

danger of starting the tubes by local

heating, recommend that the boiler it-

self be heated up, before setting the

cleaner at work, so that the effects of

the subsequent warming from the action

of the cleaner may be minimised. This
practice, however, The Locomotive con-

siders as of doubtful wisdom. In the

case of a water- tube boiler the only
method of heating the boiler that ap-

pears to be at all feasible is to build a

light fire under it while it is dry. If

the fire is handled carefully and by a

man of good judgment, the boiler may,
perhaps, be warmed in this way suffi-

ciently to prevent subsequent injury

from unequal expansion, and yet with-

out being itself injured by the direct

action of the fire; but the average at-

tendant could in all likelihood not be
depended upon to always strike the

somewhat nice medium at which the

warming of the boiler is effective, while

the boiler itself is not overheated in any
part by the fire. Moreover, the remedy
would hardly be effective in any case,

unless the slow fire were maintained

during the entire time that the tubes are

being cleaned. If the boiler were heated

up only at the outset, for example, then

it is evident that if from ten to twenty

minutes are spent upon each tube, the

majority of the tubes in the boiler would
have ample time to cool down before

the cleaner reached them. If, on the

other hand, the slow fire were main-

tained during the entire time of clean-

ing, there would be a correspondingly

greater danger that at some part of this

period the fire would either become so

light as to be ineffective, or so heavy as

to overheat some part of the boiler. It

is far better and safer to avoid the dis-

charge of steam into a cold tube alto-

gether, and to operate the cleaner with

compressed air. This is sometimes in-

convenient, but it is better to go to a

little trouble and expense rather than to

take chances of injuring the boilers. Of
course, it is unnecessary to say that

there is no objection to the use of steam
in those forms of power cleaners which
are operated by motors external to the

tube, and in which the exhaust does not

enter the tube.

Summing up the several points here

made, The Locomotive offers the follow-

ing rules, which it would be well to ob-

serve:—When power tube- cleaners are

used, they should be kept in motion so

that they cannot strike a succession of

blows against any one part of the tube,

and they should be operated by a pres-

sure not exceeding 20 or at most 30
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pounds per square inch. Steam should

not be permitted to blow through the

tubes of a cold boiler for a sufficient

time to sensibly heat the tubes. Com-
pressed air should be used to operate

tube cleaners unless the motive power
is entirely external to the tube. In any
case the boiler should be carefully

watched during and after the application

of a power cleaner, especially around
the ends of the tubes and on the head-
ers, and at the first sign of distress of

any kind, the use of the cleaner should
be promptly discontinued. Lastly, a

power cleaner should never be put in

charge of any attendant save one upon
whose judgment and skill the owner of

the boiler can implicitly rely. But, after

all, these are qualities which should be
looked out for in every boiler attendant.

Another account in The Locomo-
tive tells of a large steam plant recently

installed in which it was found that quite

a number of bolts, used to join the

steam pipe flanges, were so short that

it was impossible to screw up the nuts
on them sufficiently to make the bolts

enter more than from one- half to two-
thirds of their depth. The work was
subject to the inspection and approval
of the Hartford Steam Boiler Inspection

& Insurance Company, and when the
defect was found the contractor was
notified and a workman was sent to re-

place the short bolts with others of

proper length. The piping ran across

the upper part of the boiler room, and
the air about it was exceedingly hot and
uncomfortable, so that the task of re-

placing the bolts was a very unpleasant
one. The workman bought the re-

quired number of bolts, but not liking

the task of putting them in properly,

he sawed off stub ends from them, and
ran these stub ends into the nuts that

were already on the pipe, so that the
stubs projected one or two threads. To
a casual observer it would appear, after

this operation, that the old bolts had
been replaced by others of proper
length, and the company's inspection

department was notified that this had

been done. An inspector, accompanied
by the chief engineer, then made a fur-

ther examination of the piping, so that

he could certify, from his own personal

knowledge, that everything had been
put into proper condition. Upon close

examination, it was observed by the in-

spector that the projecting ends of the

bolts showed marks as though a hack-
saw had been used upon them. There
would be no objections to the bolts pro-

jecting a little too far through the nuts,

and as the air was very hot and uncom-
fortable about the pipe line, it was im-

possible to understand why the work-
man should have taken the trouble to

cut off any such projection that might
have been left. A still closer examina-
tion followed, and it was found that all

of the short bolts, to which objection

had been made, still remained in the

pipe flanges, with these stub ends made
into the nuts. It is to be hoped that

the workman who did this rascally job

was properly dealt with.

The facts here presented call to mind
a number of other similar cases, all of

them illustrating the need of extreme
vigilance on the part of inspectors, be
they inspectors of boilers or of other

structures involving the safety of human
life. Rivet heads in structural steel

work, for example, are known to have
been cleverly made of putty and painted

over so as to convey the impression that

rivets had been properly placed where
they ought to have been. The inspec-

tor's hammer knocked off these imita-

tions and exposed the fraud. Anchor-
ing bolts in walls of buildings have, in

several cases, consisted simply of short

lengths built in to resemble the real

thing and with no holding power what-

ever. Fortunately, however, these

happenings prove the exception rather

than the rule.

Alcohol motors seem to be coming
into favour in Cuba, especially for driv-

ing small electric lighting and pumping
plants. Consul Squiers, at Havana, for
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example, tells in a recent report that

the city of Matanzas, with about 40,000
inhabitants, has installed an alcohol

motor pump for its water- works, deliv-

ering in the neighbourhood of 1,000,000
gallons a day. The motor is spoken of

as a 45 H. P. machine, and the fuel cost

is given as 40 cents an hour, or $4 a

day of ten hours. Alcohol sells at

Matanzas at 10 cents a gallon. The
water supply of Havana, we are told, is

similarly to be handled by an alcohol

motor pump installation, and the con-

tractors who are to put this in are said

to have also installed an electric plant

alcohol motor of 45 H. P. One of the

interesting points about these outfits is

that they are of German manufacture.
Germany and France, both, have in

recent years given much attention to

alcohol production and to the means of

its utilisation industrially, and a rela-

tively advanced state of the art of what
might be termed alcohol engineering
was, therefore, to be expected in those

countries; but there seems to be no
good reason why the example thus set

should not be followed elsewhere with
equally satisfactory results. Alcohol
engines, of stationary, marine, and loco-

motive types, alcohol lamps for illumi-

nation, and alcohol heating apparatus
of various kinds would seem to promise
well commercially in many places with
a prospective important demand for

them.

Cinder concrete for making fireproof

floors and for fireproofing columns is

warmly advocated by Mr. J. T. Mont-
gomery, in a paper read recently before

the Western Society of Engineers. He
states that, at the Baltimore fire, even
concrete with a stone aggregate was
affected to a depth of ^ inch to 1 inch

only, where used in fireproof floors.

Cinder concrete, though not so strong,

is less brittle, and resists fire better.

Some exposed to a five-hour test, in the

course of which the temperature reached
2000 deg. Fahr.

,
proved quite tough at

the end, holding nails as if it had been
a hard wood. Being a good non-con-
ductor, it forms, he claims, a better pro-

tection to steelwork than stone concrete.

In a test at New York, a slab of cinder

concrete 5 inches thick had a tempera-

ture of 1900 deg. to 2000 deg. Fahr.

maintained at one side of it. Only at

the end of four hours was the other side

perceptibly warm to the touch, and not

till four hours 24 minutes later did

this surface become too hot to keep the

hand on. In spite of containing a cer-

tain quantity of sulphides, the cinders

do not prevent the concrete being an

excellent protection to steelwork, the

alkali of the cement being more than

sufficient to neutralise any acidity thus

arising. The concrete should, however,

be mixed thoroughly wet and thor-

oughly well. Concrete has also the

advantage of being easily fitted into

place, as it is plastic, and mixing ma-
chinery can be used, so as to reduce the

labour needed to a minimum. The
cinders used are obtained from boiler

plants, and contain little combustible

matter, being really clinker.

The question whether wooden poles

or steel towers ought to be used for a

high-tension electric transmission line

depends, like many other things, upon
circumstances. In countries where
wooden poles are plentiful and inexpen-

sive, it is probable that every expedient

will be resorted to before steel towers

are used. The latter, however, are gen-

erally considered to eliminate a great

many line troubles. The spans can be
increased, so that as few as eight towers

per mile can be used with safety. This

would greatly reduce the number of in-

sulators which can be larger, and the

means for their attachment to the towers

can be quite elaborate without exceed-

ing the cost of the other construction.

The height of towers can be greater,

which will decrease troubles from wires,

branches, and other material being

thrown or blown across the circuit and
reduce the breakage of insulators from
the heat of forest or grass fires. If gal-

vanised or painted occasionally, their

life would be greater than could be ex-

pected of wooden construction. Towers
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can be erected in places even more dif-

ficult of access, since they can be taken

apart in pieces of lighter weight than a

wooden pole. They would also offer a

more or less good lightning path to

ground, which would help to prevent

the injury to connected apparatus.

These points were enumerated by
Messrs. J. F. Kelly and A. C. Bunker
in a paper presented at the St. Louis

Electrical Congress.

On the other hand, one of the prin-

cipal advantages of wooden pole con-

struction was there also mentioned to be
that in case an insulator is broken, al-

lowing the wire to come against the arm
or pole, the burning which takes place

almost immediately in most cases may
continue for several minutes before a

blaze is started which will make a short-

circuit. Several times it has been ob-

served that from twenty to thirty min-

utes elapsed from the time trouble was
first noted by the ammeters or telephone

until it was necessary to shut off the cir-

cuit. In one case a 40,000-volt

(grounded neutral) wire lay on a dry
cross-arm for several hours before the

circuit could be shut off, and at the end
of the time the arm was not badly

charred. With a duplicate line, ample
time would in most cases be given for

changing from one circuit to the other,

or to cut out the affected circuit, pro-

viding the telephone line was operative

or the men at both ends recognised the

difficulty.

In his recent presidential address be-

fore the Institution -of Electrical Engi-

neers, Mr. J. Swinburne, having taken

for his theme '•' Some Difficulties in

Getting On," remarked that if we ex-

amine the large industries we will find

the commercial or business man with

little or no technical knowledge at the

top of the tree. If we confine our atten-

tion to engineers, we will find that the

engineers who make the biggest incomes
and occupy the most important and re-

sponsible positions are those who have
most business or practical knowledge.
Leading consulting engineers do not
spend a large portion of their lives plot-

ting curves, counting electrons, or even
making anything more than arithmetical
calculations. They spend their time
dealing with large questions on purely
commercial lines; and, as a rule, the
bigger the engineer, the more he knows
about practice and business, and the less

he knows about text-book science.

Most of us suffer from too little common
sense in proportion to our scientific

knowledge. The engineers occupying
smaller positions, assuming the same
age in both cases, are not necessarily
deficient in technical knowledge; but
they are generally wanting in business
attainment and less able to take respon-
sible positions. It is often said that to

be a good master you must have been
a good servant; but a good servant does
not necessarily make a good master,

—

generally the reverse. There is a wide
distinction between the man who can
earn a few hundreds a year and the man
who earns as many thousands. It is a
very curious thing that there is hardly
anything between. A given man will

either earn his few hundreds a year all

his life, remaining permanently as as-

sistant, or he will undertake responsible
work and get into fair figures. The
engineer who is worth ^750 a year
seems hardly to exist, except for a short
time on his way from one class to an-
other. That is what is meant by the
saying that there is plenty of room at

the top of the ladder. It is not that the
men who remain as assistants perma-
nently are ignorant of science,— quite the
reverse. The business man can rent a
profound mathematician for a very few
pounds a week if he wants him; but he
probably does not. The real point is

that the assistant is wanting in business
knowledge or in push.

Twenty-one vessels of various types,

including five battleships, four armoured
cruisers, two protected cruisers, two
gunboats, five torpedo-boats, two train-

ing ships and one training brig, are to

be added to the United States Navy
during the coming year, according to

the estimates of the Navy Department.



342 CASSIER'S MAGAZINE

In size and number these compare most
favourably with preceding years, and
the new vessels will do much toward
making the American Navy one of the

strongest in the world. Three of the

ships, the training vessels, are being

constructed by the government. The
training ship Cumberland is being built

at the Boston Navy Yard, and is sched-

uled for completion on May i. The
Intrepid will be finished two months
later at Mare Island. The brig Boxer,

under construction at the Portsmouth,

N. H., yard, will be completed on July

i. Five torpedo-boats, the Stringham,
Goldsborough, Blakely, Nicholson and
O Brien, are near completion, and will

be ready for service soon. The battle-

ships to be put into commission during

the year, if finished as expected, are the

Virginia, on October 15; the Nebraska,

October 15; the Georgia, December
12; the New Jersey, December 3, and
the Rhode Island, November 12. The
addition of these five vessels will make
the total number of battleships in the

navy seventeen. The armoured cruisers

are the Pennsylvania, to be com-
pleted February 13; the West Vir-

ginia, which was down for January 30;

the California, December 10, and the

Maryland, March 12. Two protected

cruisers, the Galveston and Charles

ton, are to be completed on April 1

and June 17, respectively. The gun
boat Dubuque was scheduled for com-
pletion on January 21, and the Paducah
on April 21.

NELSON STOW
THE INVENTOR OF THE FLEXIBLE SHAFT

By Leon Mead

LIKE many other inventions, the

flexible shaft was the product of

suggestion or association of ideas.

In the course of a chat with Nelson Stow
just before his death, a few months ago,

remembering to have seen the flexible

shaft mentioned in an authoritative book
as one of the twelve greatest inventions

of the last century, I asked him how the

thought first came to him of this new
method of transmitting power.

" It was away back in 1857," he said,
'

' that one day, while watching a work-

man in my whip factory twisting and
bending back and forth a piece of whale-

bone to get it in proper shape for use,

the idea of the flexible shaft came to me
like a flash. So clearly did the idea

take form in my mind that I ordered the

man to quit the job he was doing, and
together we immediately set about to

work out some tangible result of this

mental suggestion, which I briefly ex-

plained to him. Thus my first flexible

shaft, or rather the so called core of it,

was made of whalebone, but it demon-
strated the value of the principle, and to

all intents and purposes it was the same
as the core afterwards made of wound
wire.

'

'

Mr. Stow went on to say that for a

time he was very enthusiastic over his

invention, but meeting with discourage-

ment, not only from mechanics in his

own employ, but from others whose
opinions he sought, he did not apply
for a patent until twelve years later.

His application was rejected, on the

ground that the casing in which the

core revolved was so nearly like the

tubing of a certain drop light as to in-

fringe on that patent. Considering this

an absurd reason, as it doubtless was,

he investigated the matter further, and
finally, in 1872, obtained a patent.

It happened that Mr. Stow was a

great lover of horses, and, quite natur-

ally, when the idea of the flexible shaft
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entered his mind, he thought only of its

application to the currying and cleaning

of horses. Indeed, for some time his

conception of it was confined to these

particular uses. But gradually it began
to dawn on him that this device for the

transmission of power could be put to

many other uses as well. At the time

he received the patent, however, he was
still unaware of its great importance to

the world and of its many possible prac-

tical applications.

The value of his invention was soon
recognised by other men, though when
it came to them as a commercial enter-

prise they treated it in the cold, dero-

gating manner so often assumed in busi-

ness transactions. Mr. S. S. White, of

Philadelphia, however, bought what was
loosely called the " dental right," and
which meant the use of the shaft in

dentistry work, for $10,000; he also

entered into a contract with Mr. Stow
by the terms of which the latter was to

manufacture the shaft for him, and this

he continued to do until the patent ex-

pired in 1889.

Soon after selling the '

' dental right
'

'

to Mr. White, the inventor disposed of

his half interest in his English patent to

George Burnham, of the Baldwin Loco-
motive Works, for $4000, and engaged
to "manufacture the shaft on a royalty

for Mr. Burnham, who was to market
the output for all mechanical purposes,

apart from dentistry.

At the Centennial Exposition in Phil-

adelphia, in 1876, Mr. Stow received

one of the three highest medals for new
inventions, the other two being awarded,
respectively, to Thomas A. Edison and
George Westinghouse. From that time

the flexible shaft, wherever it could be

employed at all, was rapidly introduced.
" Yes," said Mr. Stow, in answer to

my question, " its uses are almost limit-

less, to say nothing of its time and
labour-saving advantages. It is indis-

pensable to the dentist, who uses it con-

stantly in boring teeth,—probably you
have experienced the delightful thrills

that attend the shaft's usually successful

search after one' s nerves ; it may be used
to crop your hair so close that you will

hardly know yourself from a convict; it

does thesame kind of work on horses;

it is invaluable in polishing marble,

steel, and other materials; and it is used
very extensively in mining, bridge build-

ing, and railway construction ; it is found
in every first-class machine shop."
He might have added that, as a driv-

ing factor, the flexible shaft enters into

the work of wood carving, cloth cutting,

sand papering, marble and mining drills,

sash, door and blind boring, and into

the construction of surgical instruments,

time recorders, die work, etc. The
greatest rival of the flexible shaft at the

present time is compressed air; but, on
the other hand, the development of driv-

ing power by electricity has wonderfully

helped it. Its use has brought into ex-

istence many special portable tools

which have a province peculiarly their

own.
Besides the Stow Manufacturing Com-

pany, of Binghamton, New York, the

original and largest manufacturers of

flexible shafts in the world, there are

four or five other firms in this country
that make them, the patent having ex-

pired. In Europe about the same num-
ber of concerns make flexible shafts,

identical in principle with the Stow, but
varying somewhat in the details of con-
struction.

Mr. Stow possessed many of the

characteristics of the typical inventor,

including the faculty of getting the worst

end of a bargain. He belonged to that

class of men of genius who are poor,

but honest, and who seem fated to sell

their patented rights for a mess of pot-

tage. Along in the seventies, I am told,

when he was in prosperous circum-

stances, his manly countenance beamed
with a satisfaction most pleasant to be-

hold; it was as Dickens said of Mrs.

Fezziwig's face, " one vast, substantial

smile." At that time he had cordial

relations with men of wealth, such as S.

S. White, George Burnham, and Mr.

Struthers, of Philadelphia,—the Mr.
Struthers who had the contract for build-

ing the Philadelphia City Hall for $6,-

660,000, and which, before its comple-
tion, cost far more than that amount.

It was in fluting one of the granite col-

umns of this building that the flexible



344 CASSIER'S MAGAZINE

shaft was first tested for this kind of

work.
Mr. Stow was particularly proud of

the confidence reposed in him by Mr.

White, who allowed him the unwatched
freedom of his large place of business,

at the corner of Twelfth and Chestnut

Streets. This privilege was granted to

only two or three other outsiders, who
were regarded as strong enough to re-

sist the temptations to be found there in

the shape of ideas for patents. At dif-

ferent times, while wandering through
the rooms of this establishment and
noting the many and varied labour-

saving devices there collected, Mr. Stow
gave Mr. White suggestions which
afterward resulted in several valuable

patents issued to the latter. It was in

these rooms, too, that Mr. Stow learned

not to tell all he knew, or to reveal his

sudden inspirations, especially those

that were patentable.

Nelson Stow was a thorough Ameri-
can on the paternal side, while his

mother's ancestors were of Dutch-
Huguenot descent. He delighted in

showing his friends a time stained,

crumpled discharge paper handed down
from his grandfather, Samuel Stow, who
served at intervals throughout the War
of the Revolution, and afterward became
one of the pioneer settlers of Broome
County, New York. He would tell you
that he himself was born at Windsor,
Broome County, New York, on Sep-

tember 12, 1828, his home for many
years past having been in Binghamton,
New York. Like many country boys,

he cared little for education, but at-

tended the district school for several

winters, and afterward a select school

taught by an able instructor.
'

' I notice you spell your name with-

out the final <?," I remarked.
" Yes," he answered, " I suppose

the Stows all came from the same
stock."

Democratic simplicity distinguished

the man in other ways than the reten-

tion of his name in its original form,

though in his more prosperous days he
is said to have been rather fond of driv-

ing fast horses. At one time he owned

a unique span of horses, one black and
one white; at another time he had a

pair of beautifully matched black horses

that he was wont to drive tandem
through the streets of Binghamton,
when that style of driving was some-
thing of a novelty. Though he cared
little for his personal appearance, he al-

ways wore a silk hat, regardless of time,

place, or the happy-go-lucky condition

of his other apparel.

Mr. Stow engaged in various enter-

prises during his' long life,—carriage-

making, whip manufacturing, and early

in the sixties, during the oil excitement
in Northwestern Pennsylvania, he was
one of the pioneer losers at Titusville.

He secured the charter for, and built and
equipped the first horse car line in Bing-
hamton, in which city he later became
involved in real estate speculation which
left him penniless. At the time of his

death he was in his seventy- seventh
year. For a long time he had been
feeble and broken in health; but, like

an old war horse at the smell of gun-
powder, when the subject of patents was
breached, he aroused himself, his feat-

ures brightened, and the old fires of

ambition shone in his eyes. But the

old energy had vanished long before he
passed away, and in its place was the

apathy of age, so far as the world in

general concerned him. Where his

sympathies were enlisted, however, he
showed a noble kindliness of heart; per-

haps the years healed the bitterness of

his disappointments. Even in his old

age he possessed a strong personal

magnetism, and had very many loyal

friends.

Mr. Stow, during his life, took out

twenty patents. A few years ago he
invented a pan or griddle greaser, im-

portant only as a stepping-stone to an

idea for a novel kind of paint brush.

The bristles of the greaser were held in

place by pressure, thus doing away with

the generally used glue and much of the

consequent shedding of the bristles.

The small royalties he received from the

sales of this brush provided him with

the bare necessities of life during his

last years.
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AN AUSTRALIAN COAL CITY

By George A, King

HE story of New-
castle, the second
city of New South
Wales and the third

shipping port of

Australia, might be

condensed into the

single word " coal."

The city owes its

establishment to the

discovery of this mineral, and the ex-

istence of the district practically de-

pends upon it. Coal is, of course,

obtained in various other parts of

Australia, but the Newcastle district

produces by far the largest quantity,

and is also the most important centre.

Up to the end of 1903 Australasia

had produced about 140,000,000 tons

of coal, and of that quantity 109,-

741,916 tons, valued at ^44,021,103,
had been obtained in New South Wales,
which territory includes Newcastle.

The history of the coal wealth of New-
castle began soon after the colonisation

of Australia. A few months after the

establishment of the first settlement on
the southern shores of Port Jackson (the

splendid port which Sydney folk call

"Our Beautiful Harbour") Captain

Phillip, the commander of the first fleet

and first governor of the new possession,

wrote in an official despatch that he
thought Australia would prove " the

most valuable acquisition Great Britain

ever made." The shrewd governor's
prediction has long since been realised.

Phillip possessed a big heart, and the

disadvantages of a first impression of the

new country, the hostile attitude of the

natives, the worries of a threatened

famine, and last, but by no means least,

the fact that his colonists were men who,
in the words of one of them, had " lelt

their country for their country's good,"
did not prevent the naval governor
forming an accurate opinion of the

colony. He did not, however, fully

realise the vast mineral resources of the

country he was about to colonise, nor
did he know its agricultural capabilities,

nor the fact that 100 miles from his set-

tlement lay one of the world's richest

coal fields. In its infancy Australia had
many vicissitudes, but all the trials of

the new settlement were successfully

overcome, and a bright and prosperous
era ultimately set in.

Coal was first discovered in August,

1797, in Australia near Coalcliff, on the

southern coast of New South Wales,
and about fifty miles south of Sydney.
The discovery was made in a remark-
able way. A ship called the Sydney
Cove, while on a voyage from India to

Sydney, was wrecked on Furneaux
Island, in Bass's Straits, in February,

1797. A portion of the crew, seventeen

Copyright, 1905, by the Cassier Magazine Co.
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NOBBY S, ORIGINALLY AN ISLAND AT THE ENTRANCE TO THE PORT OF NEWCASTLE, BUT NOW CON-

NECTED WITH THE MAINLAND BY A BREAKWATER, AS SHOWN

in number, together with Mr. Clarke,

the supercargo, attempted to reach Port

Jackson in the ship's longboat, which
was saved from the wreck. In this, how-
ever, they failed, the boat being driven

ashore near Cape Howe and lost. The
little party, led by Clarke, then set off

for the settlement at Sydney by land.

The journey proved a difficult and ad-

venturous undertaking, and only three

of the seventeen succeeded in reaching

Port Jackson, the remainder either dy-

ing on the way or being killed by the

natives. On the way along the coast

Clarke and his companions discovered

a great deal of coal, and brought speci-

mens of it to the settlement. Lieuten-

ant-Colonel Collins, whose "Account of

New South Wales '

' is one of the most
reliable histories of the beginning of

Australia, writing in regard to this mat-
ter, says:

—

" Mr. Clarke, supercargo of the ship

Sydney Cove, having mentioned that he
had fallen in with a great quantity of

coal with which he and his companions
made a large fire, and had slept by it

during the night, a whaleboat was sent

off to the southward with Mr. Bass, the

surgeon of the Reliance, to discover

where an article so valuable was to be
met with. He proceeded about seven

leagues to the southward of Point So-

lander,f where he found in the face of

a steep cliff, washed by the sea, a

stratum of coal in breadth about six feet

and extending eight or nine miles to the

southward. Upon the summit of the

high land, and lying on the surface, he
observed many patches of coal, from
some of which it must have been that

Mr. Clarke was so conveniently supplied

with fuel. * * * By the specimens of

the coal which were brought in by Mr.

Bass the quality appeared to be good,

but from its almost inaccessible situation

no great advantage could ever be ex-

pected from it; and, indeed, were it

t The southern headland of Botany Bay.
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THE STOCKTON COLLIERY, WITH THE CITY OF NEWCASTLE IN THE BACKGROUND

even less difficult to be procured, unless

some small harbour should be near it,

it could not be of much utility to the

settlement."

The inaccessibility of the coal in the

southern district has long since been
overcome, for not only have the various

mines been connected with Sydney by
railway, but jetties have been erected

from which the coal is shipped. In bad
weather, however, the want of a good
harbour is severely felt, there being but

little protection afforded at the jetties.

The discovery of coal at Newcastle
followed shortly after the confirmation

of Clarke's report, and was similar to

the preceding case in that out of evil

came good. September, 1797, accord-

ing to Collins, " began with a very
vexatious circumstance. A boat named
Cumberland, the largest and best in the

Colony belonging to the Government,
was, on her passage to the Hawkesbury,
whither she was carrying a few stores,

taken possession of by part of the boat'

s

crew, being at the same time boarded
by a small boat from the shore, the peo-
ple in which seized her and put off to

sea, first landing the coxswain and three

others, who were unwilling to accom-
pany them, in Pittwater, in Broken Bay.
These men proceeded overland to Port

Jackson, where they gave the first in-

formation of this daring and piratical

transaction. Two boats, well manned
and armed, were immediately dispatched
after them, under the command of Lieu-

tenant Shortland, of the Reliance. One
of these boats returned in a few days
without having seen anything of them,

but Lieutenant Shortland proceeded
with the other, a whaleboat, as far as

Port Stephens, where he thought it

probable they may have taken shelter;

but on the 19th, having been absent

thirteen days, he returned without dis-

covering the smallest trace of them or

of the boat. His pursuit, however, had
not been without its advantages, for on
his return he entered a river, which he
named the Hunter River, about ten

leagues to the southward of Port Steph-

ens. * * * The entrance to this river

was but narrow, and covered by a high,

rocky island lying right off it, so as to

leave a good passage round the north

end of the island between that and the

shore. A reef connects the south part

of the island with the south shore of the

entrance of the river. In this harbour
was found a very considerable quantity

of coal of a very good sort, and lying

so near the waterside as to be conven-

iently shipped, which gave it in this
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particular a manifest advantage over

that discovered to the southward.

Some specimens of this coal were
brought up in the boat.

'

'

The city of Newcastle, now with a

population of nearly 60,000, stands on
the harbour in which Lieutenant Short-

land discovered coal. The river which
empties itself into the harbour was orig-

inally known as the Coal River, and, as

a matter of fact, retained that name for

many years, but soon after the discov-

ery of coal it was 'officially named the

withdraw that settlement altogether."
This remark^ of the governor illustrates

the disadvantages under which the early

rulers of Australia suffered.

Another settlement was founded at

Newcastle by Governor King in 1804,
it having been decided to send the
" most turbulent and refractory char-
acters

'

' to the coal mines instead of to

Norfolk Island. Lieutenant Menzies
was appointed commandant of the set-

tlement, which in the beginning con-

sisted of fifteen officers and soldiers and

COAL AT THE DYKE, NEWCASTLE, AWAITING SHIPMEN

Hunter River, in honour of the naval

officer who then ruled the colony.

A small penal settlement was formed
at the mouth of the river with a view to

marketing the coal by shipping it to

Sydney. It was also expected that

ships on their way to China would bal-

last with the coal. " This," wrote the

governor, " was done by one or two
vessels, but the success of the specula-

tion was not encouraging to them to

take a greater quantity, and as the per-

son I had put in command at that place

had not conducted it so well as might
have been done, and having no other

person to place there, I was obliged to

thirty-four convicts. The convicts were
chiefly employed at the outset in clear-

ing the land and erecting wooden
houses. Later, additional convicts were
sent to the settlement, and, of course,

the military guard was then increased.

In March. 1806, there were 103 persons

in the new settlement. Governor King
named the district Newcastle; but for

many years, indeed, until the twenties,

the settlement was known as King's

Town.
The task of Lieutenant Menzies and

his successors in keeping the " turbu-

lent and refractory
'

' members of the

settlement in order was no light one,
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and one can readily understand Gov-
ernor King writing that the commandant
of the little settlement was " certainly

obliged to have recourse to severe meas-
ures with such a description of people

as he is surrounded by.
'

' He then goes
on to say that one convict has thrice

left the settlement and was as often re-

turned, and that several others had
found their way to Broken Bay naked
and starving. The greatest care was
also exercised in regard to vessels visit-

ing the new settlement, and the follow-

ing regulations, which seem unneces-

sarily harsh, serve to show that the

authorities were compelled to govern
the country in the strictest sense of the

word:

—

" The coal and timber is the exclusive

property of the Crown. No vessel to

proceed thither without a license from
the Governor's secretary. The owners
to enter into recognisances, themselves

of ,£100 and two sureties in £25 each,

to observe as follows:—First, to take a

regular clearance from the naval officer.

Second, to procure cedar and coals as

directed by the Commandant, and not

to interfere with people at public labour;

not to be troublesome or riotous, not to

disregard any order issued by the Gov-
ernor or Commandant on pain of penalty

levied, and vessel ordered to depart; no
person on arriving to leave the vessel

until entered, and the Commandant's
permission received to load ; to use only

one kind of basket, to contain one hun-
dredweight of coals, for measuring in

and out of the vessel by; to give a daily

account to the Commandant of coals

and timber received; not to sail without

giving him two days' notice, and being

provided with his certificate and letters

for the Governor. Not to leave the

harbour between dusk and daylight; to

land at no other place than that pointed

out by the Commandant; not to employ
convicts without the Commandant's per-

mission on pain of penalty being levied

on the owners for each offence. Not
to give spirits to prisoners, nor to land

any without the Commandant's permit;

not to take any person to or from that

settlement without authority of the Gov-
ernor or Commandant; and no excuse

of the person's swimming or being

secreted on board admitted."

Another order, issued in 1807, warned
the masters and crews of vessels visiting

Newcastle not to sleep on shore without

the Commandant's written authority,

and that they were expected to be on
board by 8 P. M., " or when the bell

rings."

In the early twenties free men were
arriving in the colony in large numbers,
and, as a result, Sir Thomas Brisbane,

the Governor, in 1822 decided that

Newcastle should no longer remain a

penal settlement. The convicts were
consequently removed to Port Mac-
quarie, further north. Even in its later

penal days Newcastle was not the most
desirable residential place, for the rulers

were extremely severe, though perhaps

not unnecessarily so. H. M. S. Satel-

lite visited the settlement in 1821, and
Captain Currie's account of what he
witnessed is most interesting:

—

" King Lash," he says, " is master

in the penal settlement at the mouth of

the Coal River. * * * The Command-
ant argues that the men have to be

flogged when they become unruly, or

they would rise and cut the throats of

every free man in the place. There are

over a thousand convicts there, and of

them 250 are women. Some of the

latter are the most degraded creatures

on God's earth. Whatever goodness
there was in them when they were sen-

tenced in England was lost on the voy-

age out. * * * One morning I saw
thirty-two men tied to the triangles and
flogged. One of them got fifty lashes,

and the others received from twenty up-

wards. The fioggers are all convicts

who have got their tickets, and some of

them appeared to be worse ruffians than

the poor brutes they flogged. ' This is

a light morning,' said the Commandant.
' Three months ago we would have the

cat going all day, but the brutes are

getting quietened.' He is a believer in

the lash, this burly major, and he says

that if there is more flogging in his set-

tlement than at Parramatta, there is less

hanging, for he has only executed seven

men in three years."

The laying out of the city was begun
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in 1823, and it was proposed to retain

the name of King's Town. True, there

is nothing in a name, but the residents

did not take kindly to the selection, so

the name of the town was changed to

Newcastle, the similarity of the river to

the Tyne influencing popular opinion.

In the early days the industries of New-
castle were numerous, but many of them
were afterward abandoned. Coal min-
ing, however, remained, although it was
unprofitably worked by the government
for several years. The industry is now
the mainstay of the district; in fact, it

is one of the most important industries

in New South Wales. The shipping

trade of the port increased at length to

-such an extent that the government fin-

ally took steps to provide more suitable

-accommodations in the harbour.

The island spoken of by Collins as

lying in the entrance to the port was at

first known as Coal Island, but is now
called the Nobby' s. This island has

the appearance of a fortress, and has

been isolated from the coast through the

action of marine denudation. It is com-
posed of horizontally-bedded sand-

stones, shales and tuff, together with

coal seams, and these beds have been
intruded by a large delorite dyke. The
dyke can be seen, at low tide, on the

ocean side of the hill, where it intersects

vertically the regularly banded coal

measures.

The island was originally connected
to the mainland by a submerged reef,

but during Captain Wallis's term of

command a large proportion of the male
convicts began the construction of a

breakwater. About that time a number
of female convicts committed grave
breaches of the regulations, and Nobby'

s

Island was selected as an abode for the

•worst characters, the solitary confine-

ment at the island very soon reducing

them to tranquility. Several of them
endeavoured to reach the mainland
while still ironed, but were drowned in

their foolhardy attempt to regain free-

•dom. A splendid breakwater now con-

nects Nobby' s with the mainland, and
a lighthouse, 115 feet above sea level,

;and showing a light visible 18 miles

.at sea, stands on the island.

A scheme, formulated about the year

1854, whereby Nobby' s was to be blown
up in order to enlarge the entrance to

the harbour, was approved by the gov-
ernment of the day; but a great agita-

tion arose against the proposed work,
so that the scheme was ultimately aban-

doned and Nobby' s was spared. Tun-
nels in which to place the explosives

were actually driven into the island, and
one of these may still be seen; it is

shown in the accompanying illustration

of the island. In the early days of New-
castle a coal fire beacon was lighted

nightly near the city, and this was con-

tinued until the opening of the light-

house on Nobby' s in 1857.

The convicts had made good progress

in opening up the coal seams found at

the entrance to the harbour before the

place was proclaimed a free settlement,

and they had also begun improving the

port, as well as constructing the break-

water. Soon after the convicts were
removed, free settling began. The
breakwater, left unfinished by the con-

victs, was continued after the abolition

of the penal settlement, and Nobby'

s

was thus connected to the mainland.

A breakwater on the opposite side of

the entrance was also begun, but the

work did not answer the purpose for

which it was being constructed, and the

idea was abandoned. The southern

breakwater within recent years has been

continued from Nobby' s seaward; this,

together with numerous other harbour

works, has considerably improved the

navigation of the port. An immense
quantity of sediment is brought down
by the Hunter River, and powerful

dredges have to be kept continually in

operation. By this means the channels

and wharf frontages are kept clear, so

that vessels drawing 23 or 24 feet of

water can safely be handled in the har-

bour.

Before passing to a review of the

growth and the present magnitude of

the coal industry, it is well to have an

idea of the computed resources of New
South Wales. It is estimated by the

government geologist, Mr. E. F. Pitt-

man, that the coal fields of the state

cover an area of about 16, 550 acres, and
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that there is a total quantity of 115,-

346,880,000 tons of fuel available after

deducting one-third of the gross weight
for loss in working, in impurities, etc.

The state is divided into three coal

districts,—the northern, in which New-
castle is included, the southern, and the

western. The northern district is the

most important, and in it there are eight

principal seams, which, in decreasing

order of value, are as follows:—The
Wallarah seam, about 11 feet thick; the

Four Feet seam, 4 feet thick; the Cath-

erine Hill Bay seam, about 14 feet thick;

the Great Northern seam, about 20 feet

thick; the Dirty seam, from 6 to 10 feet

thick; the Yard seam, about 3 feet thick;

and the Borehole seam, from 4 to 22

feet thick, but usually from 8 to 9 feet

thick. The Borehole seam is the prin-

cipal one, and from it is obtained the

greater portion of the coal raised. Of
the quality of the coal the government
geologist says:

—

'

' The excellence of the Borehole coal

consists in its purity and the amount of

gas it yields. It is an excellent house-

hold coal, and though not a true steam
coal, is a free burning fuel, and adapted
for steamers when steam is quickly re-

quired rather than when economy is the

principal consideration. It will compare
favourably with any known coal for gen-

eral usefulness, but is more specially

applicable to gas-making, household
purposes, and the manufacture of coke.

'

'

The seams, as already stated, are of

varying thickness, and one of the rich-

est is at Greta, some distance from
Newcastle; this contains an average

thickness of 41 feet of clean coal, the

quantity underlying each acre of land

having been computed to be 63,700
tons. At Wingen, about eighty miles

from Greta, is what is known as a
'

' burning mountain '

'
; this phenome-

non is formed by a coal seam, supposed
by geologists to be the Greta seam,

which has been burning underground
for many years. Comparative tests of

the calorific value of the New South
Wales coal show that while 1 pound of

some of the best Welsh coals, such as

Ocean Merthyr, converts 16. 1 pounds
of water into steam, 12.94 pounds of

water are converted into steam by 1

pound of Borehole seam coal. A sim-

ilar quantity of the southern or western

coal will convert, respectively, 12.88

pounds and 11.98 pounds of water into

steam, or by mixing the three kinds of

coal together. 12.82 pounds of water

can be converted into steam per 1 pound
of the mixture.

Now as to the growth of the coal in-

dustry. The first shipment of coal was
sent to Sydney in 1798, and in 1801

the foreign export trade began ; the brig

Anna Joseph was sent to the Cape of

Good Hope in 1801 with a cargo which

realised £6 per ton. The only mine
opened at that time was the government
colliery, situated' in the vicinity of

Nobby' s, and in close proximity to the

convict settlement. This was worked
by convicts' labor until 1817. A drift

made on the seashore was utilised for

the purpose ; this drift penetrated a seam

of coal that was visible in the sandstone

which abounded in that locality. Sub-

sequently the colliery was worked by
means of a perpendicular shaft 1 1 1 feet

deep, the coal being then raised by a

windlass.

For many years the coal was held by

the government as the exclusive prop-

erty of the Crown, and until 1826 the

industry was worked by unskilled

labour. In that year a monopoly was
granted to the Australian Agricultural

Company, a London syndicate having

for its object the development of the

mineral resources of Australia. This

company was granted 1,000,000 acres

of land, and the exclusive right to work
the seams in the Newcastle district.

They held this privilege for twenty

years, and but comparatively little enter-

prise was shown. In 1 847 the monopoly
ceased, and the industry then began to

show signs of prosperity. Various com-

panies were launched, and new mines

were opened, the result being an

enormous increase in the output. In

1847, for instance, the district produced

40,732 tons of coal, valued at about

^14,000, while in 1857 tne output was

210,434 tons > valued at ^148,158. In

1872 the output of New South Wales
reached 1,000,000 tons, and of that
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quantity the Newcastle district produced
more than half. Twenty years later,

that is, in 1892, Newcastle produced
2,611,731 tons of coal, valued at ,£1,-

102,694, the total quantity raised in

New South Wales during the same year
being 3,780,968 tons, valued at,£i, 462,-

388. In 1902 the output from New
South Wales was 5,942,011 tons, hav-
ing a value of ^2,206,598, the quantity

raised in the Newcastle district being

3,900,297 tons, valued at ,£1,633,062.
Last year there was a material increase

in the production, the State producing

6,354,846 tons, valued at ,£2,319,660;
of this quantity the output from New-
castle and district mines was 4,410,565
tons, valued at ,£1,783,408. These
figures demonstrate the progress which
is being made in the coal mining indus-

try, particularly at Newcastle, where
the output last year was 510,268 tons

more than in 1902. Nearly the whole
of this excess is due to the expansion of

the foreign export trade.

Let us now see what becomes of the

enormous quantity of coal thus pro-

duced. It may at once be stated that,

as regards home consumption, Australia

is self-producing. In the case of New
Soulh Wales, the export considerably

exceeds the quantity required for local

purposes. Of the coal produced in

1903, the quantity used locally was
2,368,652 tons, while the quantity ex-

ported amounted to 3,986,194 tons,

valued at ,£1,704,993. Of that quan-
tity 2,031,473 tons were exported to

other Australian ports, and 1,954,721
tons to foreign ports. In ten years the

quantity exported has increased 2,151,-

104 tons.

The part which Newcastle plays in

the export trade is striking, for of the

exports from New South Wales in 1903
the quantity obtained from the New-
castle district was 3,420,197 tons, leav-

ing only 565,997 tons as representing

the export from the other coal districts

of the state. With the export of such

a large quantity of coal, Newcastle is

naturally a large shipping port. In

1903* 674 vessels, of which 373 were
operated by steam and 301 were sail

craft, having a total aggregate tonnage
of 1,034,440 tons, entered the port of
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Newcastle, while 1143 ships, of which

592 were operated by steam, and 551
were sail craft, having a total tonnage

of 1,639,165 tons, left the port.

There are 103 coal and shale mines
in New South Wales, 65 of which are

within the northern, or Newcastle, dis-

trict. The mining industry means a

great deal to the inhabitants in the way
of providing employment; 14,117 per-

sons are employed either below or above
ground in connection with the mines.

To be exact, there are 11,048 persons

employed below ground, and 3069 em-
ployed above ground. In the New-
castle district the mines provide em-
ployment for 10,000 persons, 8000 be-

low ground and 2000 above ground.

With the development of the coal

trade the facilities for shipping the min-

eral were also improved, and the appa-

ratus for loading vessels is now very

complete. Originally, the coal was
shipped by means of wheelbarrows, and
this very primitive method of transpor-

tation remained in vogue until 1864,

when the shipping appliances were
taken in hand by the Railway Depart-

ment. Ten years later a wharf was
erected at Bullock Island, once a series

of mud banks, but now the populous
municipality of Carrington, and hy-

draulic cranes were erected soon after

the wharf was completed. This wharf,

which is about 2580 yards long, is called

the Dyke, and upon it are placed at in-

tervals twelve hydraulic cranes and three

steam cranes. Six of the hydraulic
cranes are of 15 tons capacity, four are

of 9 tons, and two are of 25 tons. The
hydraulic machinery was built by Sir

W. G. Armstrong & Co., Ltd., of New-
castle-on-Tyne, and is worked at a pres-

sure of 700 pounds per square inch.

A new wharf, 1300 feet long, has also

been constructed in a new basin, and on
it six hydraulic travelling cranes of 12

tons capacity, with high jibs and wide
range, are being used. The cranes lift

the loaded hoppers off their carriages,

which latter carry between 6 and 7 tons

each, and swing them round over the

hatchways of the vessels where the bot-

toms of the hoppers are opened out.

The wharf is lighted by electricity,

and this greatly facilitates the loading

of coal at night. There are employed
fifty large arc lamps, each of 5000 can-

dle power capacity. On the town side

of the harbour there is a continuous line

of wharf, 3607 feet long, belonging to

the government; of this length, 3130
feet is occupied as cargo berths for deep
draught vessels, 500 feet is reserved for

Sydney passenger steamers, and the re-

maining 977 feet is used as a general

cargo wharf, in which is included a lum-
ber wharf for loading vessels with tim-

ber. There are also several private

shoots, and the expeditious manner in

which vessels are now coaled is remark-
able when compared with the methods
employed by the "ancients" [of this

great coal city.



THE THERMO -CHEMISTRY OF IRON ORE
REDUCTION AND STEEL MAKING

IN THE ELECTRICAL FURNACE

By Horace Allen, C. E.

OF the many applications of elec-

tricity to metallurgical purposes

in the way of competing with

the well-developed processes at present

in vogue, probably the most striking is

its employment in the commercial pro-

duction of cast iron and steel. Recent
developments have proved that electric-

ity may be successfully employed in the

manufacture of iron and steel in such a

manner as to indicate that this method
is likely to enter into the field of com-
petition as regards certain classes of

product at any rate.

When Mr. Albert Keller read his

paper on
'

' The Application of the Elec-

tric Furnace in Metallurgy
'

' before the

Iron and Steel Institute in May, 1903,

the possibilities of electricity entering

into competition with the usual methods
of production of cast iron direct from its

ores, and steel of such high class as that

required for tools, was doubtless received

with great incredulity. The rapid pro-

gress being made in this direction is,

however, being forced upon our atten-

tion, and necessitates the consideration

of the thermo-chemistry of the subject.

The chemical considerations entering

into the reactions may remove the

doubts which have occurred to the

minds of those actively engaged in the

production of iron and steel by the usual

methods, and give good reasons ex-

planatory of the possibilities in this di-

rection. The object of this article is

not so much to discuss the various

methods at present being subjected to

practical trial as to show the limits

necessitated by the chemical reactions.

To deal with the subject from a thermo-

chemical point of view necessitates the

employment of such factors as:

—
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1.—The specific heat of the materials.

2.—The heat of chemical combina-
tion.

3. —The reactions occurring in melt-

ing or reduction.

4.—The temperature attainable in the

electric furnace.

5. —The temperatures of the molten
products, etc.

6.—The latent heat of the products.

TABLE OF SPECIFIC HEATS
Iron 0.11379 (Regnault)
Carbon 11.02411

Magnetic oxide, Fe, 4 0.154
Sesquioxide of iron, Fe2 3 .. 0.171

Cast iron 0.1124 (Bystrom)
Iron 10601 + 0.000 I4t °C (Tomlinson)
Steel 0.1217
Carbon, graphite 0.1604 (Weber)

" Charcoal 0.1935
" Coke 01571

Slag 0.148
Manganese 0.1217 (Regnault)
Silicon, crystalline 0.1697 (Weber)

HEAT OF CHEMICAL COMBINATION
For 1 lb. of substance in British Thermal Units.

Fe product, Fe 3 4 2,880
Fe " Fe2 3 ..- . 3,650

C " CO,,.... 14,544

C " CO 4,451

CO " COo --.- 4,350
Si " Si 0„ 14,094
Mn " MnOj — . 3,803
The Board of Trade unit 3.410

CHEMICAL REACTIONS IN THE PRODUCTION OF
IRON AND STEEL

Fe 3 4 + 4 C = 3 Fe + 4 CO
Fe2 3 + 3 C = 2 Fe + 3 CO
Mn Oa + 2 C = Mn + 2 CO

The temperature of the electric arc

being about 5970 F. , the temperatures

resulting from the employment of the

electric current can be made to range

from comparatively low heats up to that

of the simple arc. The temperature at

the tuyeres of the blast furnace will be

about 5166 F.

The melting points of the various

products are about as follows :
—

Pure iron 2,730 — 2.900 °F. (Pouillet)
Grey cast iron 2,910 _ 3,450 °F.
White cast iron.... 2.530 — 2,730 °F
Steel 3.272°F.
Magnetic Oxide 2,370 °F.
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The latent heat of the substances may-

be taken as:

—

-Cast iron.
Slag

233 (Clement)

In ordinary blast furnace practice it

requires the application of about i ton

of coke to produce i ton of pig iron, in

high furnaces, with heated air blast. If

the thermal value of the coke be taken

as 13,000 B. T. U. per pound, then

each pound of pig iron requires the ap-

plication of 13,000 B. T. U. to be pro-

vided in the form of coke.

To produce one ton of steel in a

Siemens furnace requires the application

-of 7 cwt. of coal to the gas producers;

this, at 13,000 B. T. U. per pound, is

-equivalent to 4550 B. T. U. per pound
of steel. As there is about 3 per cent,

loss in the process, the above figure

should be increased to 4690 B. T. U.
to make the comparison on the basis of

the iron employed.
When the product consists of an alloy

•of iron containing 20 per cent, of man-
ganese, the weight of fuel in the form
of coke amounts to 26.5 cwt. per ton

of product, which, at 13,000 B. T. U.
per pound of coke, is equivalent to 17,-

225 B. T. U. per pound of product.

When the product of the blast fur-

nace is ferro- manganese, then 41.4 cwt.

-of coke are required per ton of product,

and, on the same basis as considered

above, the equivalent per pound of ferro-

manganese is 26,910 B. T. U.

Crucible steel manufacture requires

from 2 Yn to 3 tons of hard coke per ton

of product, or from 32,500 to 39,000
B. T. U. per pound of steel.

Theoretically, 1 lb. x o. 1217 x 3272
+ 233 = 631 B. T. U.

Mr. J. E. Stead's figure for this is

-718 B. T. U.*
Melting pig iron in large cupolas re-

quires about 4J4 per cent, of hard coke,

by weight, or, per pound of iron melted,

580 B. T. U.
Theoretically, 1 lb. x o. 1 1 24 x 3000

+ 233 = 570 B. T. U.
From this it appears that in melting

-iron in cupolas an efficiency of about

-90 per cent, is obtained.

* Discussion on Mr. Albert Keller's paper.

Mr. Albert Keller referred to an elec-

tric furnace which was capable of pro-

ducing 1 ton of cast iron by the expen-

,. . 1 kilowatt year
diture of — — +771.4 lbs. of

4
coke, for the reduction of the ore, which,
expressed in B. T. U. , is,

—

For electric smelting 7,467,900 = per lb. 3.334
771.4 lbs. of coke to COo... 3,43 5.500 = per lb. 1,53a

Total B. T. U. to produce
one ton 10,001,400

Total B. T. U. to produce
one lb 4,866

To compare this with blast furnace

practice and coke at 16s. per ton,

—

In the blast furnace 1 lb. of pig.. = 0.0F5d.
Reduction in electric furnace coke at 16s.

per ton.
Electric current %d. per B. of T. Unit per

lb. of pig = 0.314
Coke for reduction per lb. of pig iron = 0.010

0.254d.

The ratio of cost is thus i to 3.

Where there is a cheap and ample
water supply, as Mr. Keller refers to,

for an installation in Brazil, the B. of T.

unit being estimated to cost 0.03d., the

figures are:

—

Electric current at 0.03d per unit per lb.

of pig 0.0293d.
Coke for reduction @ His. per ton... 0.010

0.0393d.

This gives a ratio of i to 0.5.

However, it must be noticed that the

cost of coke in Brazil comes to 48s. per
ton, which would give,

—

Current 0.0293
Coke 0.03

0.05J-3

in which case the balance is still in

favour of the electric furnace.

In regard to the manufacture of steel

by electric current, Mr. Keller states

that about o. i kilowatt- year is necessary

for melting and fining i ton of steel, by
the fusion of scrap iron and steel.

To turn these figures to their equiva-

lent in B. T. U. , we have
0.1 KW-year = 2,728,000

or per lb. of steel 1,818 B. T. U.

As we have seen that, theoretically,

i pound of steel requires for melting

alone 63 1 B. T. U. , the efficiency, with-

out providing for the fining process,

comes out as 52 per cent.

Comparing this with the figures given

for crucible steel, we have
Per lb. of steel by electric furnace.. 1,218 B. T. U.

" " " crucibles and coke 32,500 B.T.U.
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Again, taking coke at 16s. per ton,

and bringing the cost per B. of T. unit

to an equivalent rate, we have:

—

Coke for crucible steel per lb. of steel 0.21d-
Equivalent value of B. of T. Unit when the '=:

steel is produced electrically 0.59d.

or a little more than *4d. , at which rate

a large, suitably actuated and equipped
generating station can readily supply it

at a profit, even from steam.

Mr. Keller, referring to the electric

steel furnace at Livet,* gives the figures

at 2800 KW-years per ton of steel,

equal to 4262 B. T. U. per pound of

steel, or nearly four times the former

figures; but this may refer to the com-
bined process of electric blast furnace

and electric fining furnace.

Mr. G. Ritchie (Glasgow), in de-

scribing the working of a Kjellin fur-

nace at Gysinge, Sweden, in the cor-

respondence on Mr. Keller's paper,

gave some interesting particulars. The
furnace is of the " transformer" type,

consisting of a circular brick structure

with a primary coil placed in the centre;

around the primary coil, but in the

brickwork, an annular groove, or

chamber, forms the receptacle for the

charge to be melted, constituting the

secondary coil. The current is thus

induced in the charge itself, and trans-

formed from 3000 volts to 7 volts, there

being no electrodes.

The power used amounts to the equiv-

alent of 1449 to 1980 B. T. U. per
pound of steel, or, compared with the

figures given earlier in this article, the

efficiency being = 43 per cent, to

-4- = 32 per cent., without taking the
1980 ^ fe

fining period into consideration.

However, the steel resulting is of high
class, and has a fair sale for all classes

of work, including tools, dies, scythes,

surgical instruments, etc., and, there-

fore, the efficiency of the process should

* Mr. J. E. Stead has seen 1873.4 lbs. of steel, in
the form of turnings melted in the electric furnace
at Livet, in two hours, at the rate of 600 KW-hours
per ton, which is equivalent to 913 B. T. U. per lb.
of steel, as compared with 631 B. T. U., the theo-
retical amount before stated, the efficiency being-,
therefore, about 70 per cent. In this case the steel
contained only 0.16 par cent, carbon.

be compared with the crucible steel

process.

Crucible steel by coke per lb 30,500 B. T. U.
Electric steel per lb 1,449 B. T. U.

In the February, 1904, number of

Electrochemical Industry, Mr. Marcus
Ruthenberg, in an article on " The
Smelting of Iron Ores and the Produc-
tion of Steel in the Electric Furnace,"
refers to the following developments in

this direction:

—

Describing a plant situated at Niagara
Falls, he says the operator, in discussing

the smelting of iron ores electrically,

proved, theoretically and practically,

that it required the continuous expendi-

ture of 200 H. P. to produce one ton of

metallic iron in 24 hours, or 4800
H. P. -hours. Stasano, in Italy, claims

to smelt a ton of finished product with

3000 H. P. -hours.

De Laval, in Sweden, required 3500
H. P. -hours, and Rossi, at Niagara
Falls, 4800 H. P. -hours, and plants in

France give results not differing much
from those above mentioned.
The respective efficiency of these

operators may approximately be stated

as follows, compared with the figures

following for magnetic oxide:

—

Rossi per lb. = 5,454 B.T.U. Efficiency nearly 60$
De Lavel " = 3,976 " " "

81

Stasano " = 3.408 " '' " 90
Blast furnace = 13,000 " " " 25

This comparison is only approximate.

Mr. Ruthenberg at this stage gave the

result of his furnace as only requiring

500 KW-hours per ton of metal pro-

duced, or 716 B. T. U. per pound of

metal.

The efficiency in this case would
amount to about 51 per cent, compared
with the smelting of Fe 3 4 . He also

states that the coke required in the blast

furnace for the chemical action of reduc-

tion was but a little over 300 pounds
per ton of metal, or 0.134 pounds of

carbon per pound of iron produced, or

533 B. T. U. per pound of metal pro-

duced.

However, in connection with this it

is necessary to compare the method
adopted by Mr. Ruthenberg with that

of previous operators. With earlier

workers, the practice was to melt the

ore and maintain it molten by making
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the molten mass the resistance to the

electric current, which, being low, neces-

sitated a great expenditure of energy.

In the Ruthenberg furnace the only-

energy required is that necessary to

bring the magnetic oxide to the molten
condition, when the operation of reduc-

tion by carbon, or carbonic oxide, will

proceed without the further application

of external heat.

The furnace consists of two revolving

barrels or rolls of bronze, water cooled,

and placed over the poles by a horizon-

tal horseshoe magnet.
The ores employed may be in a state

of fine division, such as would not be
available for use in the blast furnace; in

fact, the finer, the better, provided that

they are rich in quality, thus allowing

of a previous magnetic concentration.

It will be noticed that the rolls, which
are covered with carbon, form the poles

of the melting circuit, and as fast as the

ore is fused, losing, as it does, its mag-
netic property, it falls into a receptacle

below, where the final reduction is

effected by carbon or carbonic oxide.

The Stassano method consists of re-

ducing the metal direct from the ore by
carbon, by the aid of an electric arc

formed above the mass of mixed ore

and carbon, a current of 2000 amperes
at 170 volts being necessary.

The ore employed consisting of al-

most pure peroxide of iron, the chemi-
cal reaction is represented by the equa-
tion:

—

Fe2 O a

56 x 2 + 16 x 3
i-2 +48 12 x 3 56

2Fe + 3 CO

2 28 x 3

The heat to be supplied in reducing

the ferric oxide being 3650 per pound
of iron, 112 pounds = 408,800 B. T. U.

One pound of carbon combining with

oxygen to form carbonic oxide, liberates

44.51 B. T. U., so that the 36 pounds
of carbon would give 160,236 B. T. U.

,

showing that the reaction requires the

application of heat from some external

source to the amount of 348,564
B. T. U. per 112 pounds.

However, it will be noticed that CO
is given off to the extent of 84 pounds,
which, on further combustion, give

5-J

84 x 4350 = 365,400 B. T. U., which,

if applied to develop heat in the opera-

tion, shows that the quantity of electric

current necessary would be greatly re-

duced, the heat balance of the reaction

being theoretically almost perfect.

At one of the recent meetings of the

American Electrochemical Society, Mr.
Marcus Ruthenberg gave further par-

ticulars of results obtained by his fur-

nace. Instead of requiring 500 KW-
hours of energy to produce a ton of

iron, he has succeeded in doing this

with about 250 KW-hours, so that it

will be interesting to consider the

thermo chemistry of the operation.

The material employed being mag-
netic oxide, almost pure, the applica-

tion of the electric current has only to

bring it to the point of fusion. Taking
the fusing temperature as 2370 F. , and
the specific heat as o. 1 54, the thermal re-

quirements are:— 1 lb. x o. 154 x 2370
= 365 B. T. U.

To reduce the magnetic oxide to

metallic iron and oxygen requires the

further application of heat to the extent

of 2880 B. T. U. per pound of iron. If

carbon is employed for the reduction,

the chemical equation is:

—

Fe a 4 + 4 C = 3 Fe + 4 CO
56 x 3 16 x 4 12 x 4 12.16

168 64 48 28 x 4

168 x 2880 = 483,840, or, per pound,

2880 B. T. U.

The carbon combining with O to form

CO = 48x 445* = 213,648 B. T. U.,

or, per pound of iron, 1271 B. T. U.

,

showing in this case that unless the CO
formed is applied to make up the de-

ficiency, this must be derived from the

electric current.

The CO would be capable of develop-

ing 112 x 4350 = 487,200 B. T. U.,

or, per pound of iron, 2900 B. T. U.,

which more than provide for the heat

requirements.

However, if the reduction is to be by

CO gas, the equation becomes:

—

Fe 3 4 + 4 CO = 3 Fe + 4 CO.,
56 x 3 16 x 4 1.M6

In this case 112 pounds of CO will
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supply 1 1 2 x 435° = 487, 200 B. T. U.

,

or, per pound of iron, 2900 B. T. U. , or

sufficient heat, if loss could be prevented,

to carry on the reaction continuously.

In Heroult's electric furnace for the

production of steel from scrap iron as

carried out in France and Sweden, the

current passes from two vertical elec-

trodes through the slag which covers

the metal. With one furnace working
5-ton heats, the product is 15 tons in

twenty-four hours, using 600 H. P. pro-

duced by a blast furnace gas engine.

The quality of the steel is that of high-

grade tool steel. This works out at

716.2 KW-H. per ton of steel, or about

2,444,240 B. T. U. per ton = 1090
B. T. U. per pound of steel.

Crucible steel by coke, per lb 32,500 B. T. U.
" by Heroull furnace.. 1,090 B. T. U.

The latter figure is only slightly higher

than that required by theory, while the

former is about 42 times that absolutely

necessary when most effectively applied.

A study of the thermo-chemistry of

the production of iron and steel by means
of the electric current shows that when
carried out on a system as nearly as pos-

sible in accordance with that required

by theory, the capabilities of profitable

application only require scientific treat-

ment to prevent an excessive charge for

electric current from turning the scale

between profit and loss, even in the field

of the blast furnace.

The calculations given are in the

theoretical examples only approximate,

but they will be of service to those who
wish to consider the possibilities in the

direction of the employment of the elec-

tric current as a factor in the manufac-
ture of iron and steel.

fe^>



THE WIDENING USE OF SMALL ELECTRIC MOTORS
WITH SPECIAL REFERENCE TO AMERICAN PRACTICE

By Fred. M. Kimball

Concluded from the February Number

LAUNDRY machinery is largely

operated by electric motors, and
especially is this true of centrifugal

dryers and mangles. An attempt has

recently been made to operate family

washing machines by motors, and the

results which have attended the pre-

liminary experiments have been highly

gratifying. If durable and reliable ma-
chines for household purposes can be

produced and put on the market at rea-

sonable prices, which will enable dish

washing to be simplified and adequately

relieve the rather trying situation which
usually develops during the Monday
wash and Tuesday's ironing, inventors

and manufacturers may be well assured

that they will receive the unanimous
thanks and liberal patronage of house-

keepers in all civilised countries.

FIG. 17.—A BEVELING AND SQUARING MACHINE FOR ELECTROTYPERS' USE, DRIVEN BY A MOTOR
MADE BY THE SPRAGUE ELECTRIC CO., NEW YORK
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In the large hotels and restaurants

motor-driven blowers, pumps, dumb-
waiters, exhausters, knife cleaners and
chopping and mixing machines are in

evidence on every hand, while the num-
ber of electrically operated sewing ma-
chines in the homes of the country is

increasing very rapidly.

Recently motor-driven polishers have
been brought out for use in caring for

the hardwood floors in large halls and
public buildings; motor-driven sweep-
ers, which are used in some of the large

department stores for quickly sweeping
the long aisles and wide open spaces;

and also electrically operated carpet

sweepers for domestic use. These last

are said to perforin marvellous work in

removing dust and litter of all kinds

from carpets and rugs. The peculiar

^
FIG. 19.—

MADE

stroke of

FIG. l8.—THE FAIRY FLOSS CANDY MACHINE MOTOR, WITH CAS-

ING REMOVED, MADE BY THE~GENERAL ELECTRIC
CO., SCHENECTADY, NEW YORK

THE FAIRY FLOSS CANDY MACHINE,
BY THE ELECTRIC CANDY MACHINE
CO., NASHVILLE, TENNESSEE

the rapidly moving brush whips
up the finest particles out of

the pile of the carpet or rug
and effectually prevents the

lodgment of foreign matter
in it.

One of the most recent ap-

plications of the electric motor
is in the manufacture of

candy. In a device known as

the " Fairy Floss Spinner,"

—shown in Figs. 18, 19, and
2r,—a small motor with ver-

tical shaft is provided with

what is technically known as

a
'

' spinner head.
'

' This spin-

ner head consists essentially

of two porcelainised plates

between which is mounted a

finely corrugated ribbon of

metal. A current of electric-

ity circulates through this rib-

bon when the machine is in

motion. In the centre of the

top disc is an aperture into

which ordinary granulated

sugar may be poured by means
of a suitable funnel, and sup-

ported by the frame of the

motor is a large porcelainised

bowl to receive the finished

product.

When the machine is put in

operation and supplied with

sugar, the centrifugal force im-

parted to the sugar by the very
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-DRIVEN JEWELERS LATHE, MADE BY THE HOLTZER-CABOT
ELECTREC CO , BOSTON, MASS.

rapid motion of the spinner head causes

it to be thrown outward against the rib-

bon, which, being hot, melts the sugar

and allows the viscous mass to be spun
out between the fine corrugations of the

ribbon in the form of delicate threads,

very much like raw silk. The large

porcelainised bowl receives this skein of

sugar fibre, which instantly cools, and
the result is a coil of fluffy, saccharine

thread of beautiful lustre and most ap-

petising in appearance and odour.

During the spinning, flavouring ex-

tracts may be thrown on to the skein

through an atomiser, and granulated

nut meats or other similar additions

may be made to the cooling candy.

The success of these machines has been
very great, and those shown at the re-

cent St. Louis Exposition have not only
been enormous money earners, but have
been constantly surrounded by inter-

ested crowds of people.

The electric motor is also largely em-
ployed by the medical profession. Phys-
icians find it of great value for operating
atomisers, various special devices for

massage purposes, and in connection

with the many forms of apparatus which
have been devised for effecting special

exercises of the human body. Very in-

-THE FAIRY FLOSS CANDY MACHINE
MOTOR IN SERVICE FORM
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FIG. 22.—A STEREOTYPE PLANING AND SHAVING MACHINE, DRIVEN BY A MOTOR MADE BY THE
SPRAGUE ELECTRIC CO., NEW YORK

FIG. 23.—A BENCH LATHE MADE BY THE WESTERN ELECTRIC CO., CHICAGO, ILL.
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genious gymnasium exercisers have
been developed, such as those for exer-

cising the muscles of the body, as in

horseback riding, walking, running,

and various exercises of the arms and
shoulders.

The latest advancements in the art of

dentistry require many mechanical ap-

pliances. Electric motors are used for

running the dental engines, air pumps,
lathes and buffs used in the mechanical

every mechanical operation necessary in

the preparation of a book may owe some-
thing to an electric motor. The author'

s

manuscript was written on a motor-
driven typewriter, and the matter was
set up on a motor-driven linotype ma-
chine. Stereotype plates are trimmed,
planed, sized and formed by motor-
driven machinery. The press on which
the book is printed may be driven by an
electric motor, for which the ink may

FIG. 24.—A PORTABLE ELECTRIC RADIAL DRILL, MADE B? THE STOW FLEXIBLE SHAFT
CO., PHILADELPHIA, FITTED WITH GENERAL ELECTRIC I-H. P. MOTOR

departments of most dental offices. For
these purposes the electric motor is un-

excelled, its compactness, readiness and
artistic appearance making it a particu-

larly desirable adjunct to a dentist's

office. Through its use in connection

with the dental engine, the dentist is

able to use both his feet for the firm

support of his body, and to relieve him-
self of the laborious task of propelling a

foot-wheel.

Modern printing offices, bookbind-
eries, and the allied trades, too, make
extensive use of electric motors. Nearly

be ground in motor- driven mills, and,

if the edition be a large one, it will prob-

ably be printed on a press provided with

automatic motor-driven feeders. The
sheets, as printed, are folded by a

motor-driven folder.

In certain classes of book work the

stitching is done by a motor- driven sew-

ing machine. The trimming, emboss-

ing, and pressing are all done through

the intermediary of the motor- drive,

and if the printing house is thoroughly

modern, the boxes in which the books

are packed may be lowered or raised to
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FIG. 25.—A HEAVY PAPER CUTTER EQUIPPED WITH A SPRAGUE ELECTRIC MOTOR

the street on an electrically operated
elevator and taken to their destination

by electrically driven automobiles. In

case these books form part of the ac-

quisition of one of the newer public

libraries, they are transported from the

book-stacks to the distribution desk by
motor- driven conveyors, and finally are

taken home by the borrowers in motor-
driven street cars.

Electricity has played a very import-

ant part in the preparation of the high-

grade cuts now used for the illustration

of modern books. Nearly all of the

photographic reproductions are made
by the electric light, and this electric

light is frequently provided by means
of a motor-driven generator set taking

current from the street mains of a cen-

tral station, and transforming it for suit-

able service with the arc lamps em-
ployed. The mechanical pantograph,

routers, stippling machines, and section

shaders are practically all motor driven,

and the saving in labour and time to

produce modern cuts has thus largely

been accomplished through the instru-

mentality of the electric motor.

Many interesting, special and labour-

saving electrically operated tools may
now be found in manufacturing estab-

lishments. A portable drill, such as

that shown in Fig. 24, is of the greatest

utility where a number of holes are to

be drilled in a piece of work which it is

inconvenient, owing to its size or weight,
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to move to and around a stationary drill.

The drill can be clamped onto or along-
side of the work, and, by means of the
travelling carriage and radial swinging
arm, the drill mechanism may be
brought to bear on, or operate in, the
work within a comparatively large
radius.

A bench lathe recently brought out
by the Western Electric Company, of

Chicago, shows a valuable and interest-

ing application of small motors to the
everyday requirements of a machine
shop. The lathe is 10% inches swing
and driven by a 220 volt, J/6-H. P.,

fully enclosed, shunt-wound motor, hav-
ing a normal speed of 1800 revolutions
per minute, which may be increased 50

FIG. 26.—A WIRE STITCHING MACHINE FOR BOOK-
BINDERS' USE, DRIVEN BY TWO MOTORS

MADE BY THE HOLTZER-CABOT
CO., BOSTON, MASS.

FIG. 27.—A DEEP-WELL PUMP DRIVEN BY A MOTOR
MADE BY THE HOLTZER-CAEOT ELECTRIC

CO., BOSTON, MASS.

per cent, by field control. This lathe

is suitable for a great variety of special

operations or miscellaneous work. It

rests on a swivel base, so that it may be
turned around on the bench through an

arc of 360 degrees. This adds materi-

ally to its general utility. See Fig. 23.

A novelty in breast drills is shown in

Fig. 28. The tool is constructed to

meet all the requirements of the ordinary

breast drill, but, in addition, contains

as an integral part a small motor of

about 1- 1 2 H. P. With such an equip-

ment, the labour of drilling holes in

work that cannot be taken to drilling

machines is much facilitated.

A horizontal boring machine,—shown
in Fig. 29,—affords an interesting illus-

tration of special tool- drive. The bor-

ing machine is made by the Beaman &
Smith Co., of Providence, R. I., and is

driven by a Western Electric 5-H. P.

,

constant-speed, 220-volt, semi-encased,

shunt-wound motor. The motor is

supplied with a self-starter, which is

controlled by the push button on the

base of the machine shown in the illus-

tration.

No form of motive power is better
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FIG. 28.—AN ELECTRICALLY DRIVEN
DRILL

adapted for use with horseless carriages

than the electric motor. Especially is

this true when the requirements of fine

pleasure carriages or heavy trucks and
delivery waggons are considered. Many
large business vehicles used in New
York and other principal cities are oper-

ated by electric motors supplied from
storage batteries contained within the

vehicle itself. Among the many advan-
tages attending the use of electric mo-
tors with horseless carriages are safety,

smoothness of operation, simplicity of

construction, wide range of control and
reliability in service. The power de-

rived from the electric motor, being de-

livered as a smooth and continuous

rotary motion, is far preferable to that

derived from prime movers delivering

power in rectilinear lines, which must
be transformed into rotary motion before

it can serve its purpose.

In the western part of the United

States and in Mexico the small electric

FIG. 29.—A HORIZONTAL BORING MACHINE, MADE BY THE BEAMAN & SMITH CO., PROVIDENCE, R.

DRIVEN BY A 5-H. P. MOTOR MADE BY THE WESTERN ELECTRIC CO , CHICAGO, ILL.
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motor is much used for operating pumps
employed in distributing water for irri-

gating purposes in those sections where
the rainfall is very scanty or entirely

absent. Vast tracts of otherwise fertile

land, capable of raising food stuffs to

supply millions of people, have never
been utilised owing to the scarcity of

water. Many of these tracts are under-

laid, at a depth of a few feet, by mois-

ture - bearing strata or subterranean

water courses. Small, direct-connected,

motor- driven pumps, supplied with elec-

tric power from long-distance transmis-

sion lines, are now enabling the reclama-

tion of thousands of acres of this land.

Mining engineers are adopting the

motor- drive and electric distribution of

power in much of the new develop-

mental work now being undertaken,

and the substitution of electricity for

compressed air is making considerable

advance in the re-equipment of some of

the mines already in production. The
distribution of electrc power through the

shafts, tunnels, headings and stopes of

a mine is not a matter of difficulty, spe-

cial cables and wiring devices having
been particularly designed for the work.

Such an installation is much more flexi-

ble than an air or steam system. Inci-

dentally, the electric light can be used,

and in a well-lighted mine the efficiency

of the men is far greater than it can be

in mines lighted by more primitive

methods. Pumping, hoisting, ventilat-

ing, haulage, and, recently, rock drill-

ing, by means of electric motors illus-

trate how the power supply may be
distributed not only more directly and
compactly than by systems employing
pipes, but also at materially decreased

expense of direct attendance and losses

of transmission.



FIG. I.—AN EXCURSION TRAIN DRAWN BY FOUR FELL ENGINES ON THE RIMUTAKA INCLINE. GRADE,
I IN 15; WEIGHT OF TRAIN, 174 TONS; LENGTH OF TRAIN, 648 FEET

LOCOMOTIVE PRACTICE ON THE NEW ZEALAND
GOVERNMENT RAILWAYS

By Charles Rous-Marten

INTEREST of a somewhat special

and multiplex character attaches to

New Zealand locomotive engineer-

ing. In the first place, there is the non-
technical phase. Of all British colonies,

New Zealand is the most British. As
regards a large proportion of its total

area, a visit thither might be merely a

step from one English county into an-

other, so similar are most of the natural

features, and still more markedly the

characteristics of the population.

New Zealand is emphatically and
more than merely figuratively " The
Britain of the South," as it has so often

been styled. But from the technical

viewpoint the interest is infinitely

greater, owing to the extraordinary

372

variety of conditions under which rail-

way work has to be carried on in that

colony, these including such wide dif-

ferences as those between the vast level

stretch across the Canterbury Plains and
the terrific climb on a grade of i in 15

over the Rimutaka Mountains, worked
on the Fell system. There is also the

excessive prevalence of steep gradients

on the main lines,—long distances at 1

in 50, and some at even 1 in 40 and 1

in 35,—and inordinately sharp curves,

numbers of these in the North Island

having a radius of only 5 chains, and in

the South Island of 7^ chains. Add
the variety of local circumstances, and
it will be seen that to devise locomotives

that shall meet all these requirements
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has been no ordinary or facile

task.

Another feature of special in-

terest in New Zealand's railway-

history is the fact that in its

initial stage it saw no fewer than
three different gauges at work,
all within a distance of less than

400 miles. The three southern

provinces of the South Island

were in those days quasi inde-

pendent states, and each, in start-

ing railway making, chose the

gauge it deemed best constituted

to local requirements, utterly ir-

respective and regardless of the

difficulties that would accrue in

the future when it should be-

come necessary to link together

these three detachments of a
whole railway system. Thus
Southland went in for the British

standard gauge of 4 feet 8}4
inches, Canterbury preferred the

Irish gauge of 5 feet 3 inches,

and between these two provinces

came Otago, with 3 feet 6 inches.

However, that period is one of

ancient history, and my present

purpose is to deal with New
Zealand locomotive practice of

to-day, merely referring to that

of the past so far as may be neces-

sary to elucidate the gradual

development of the present. I

shall, therefore, take up my story

from the initiation by New Zea-

land of her national scheme of

government railways, which may
be roughly stated to date back
about thirty years.

Somewhat regrettably, as it

has always seemed to me, the

Otago gauge of 3 feet 6 inches

was the one finally selected as

the standard forthe whole colony,

the lengths previously con-

structed on the 5 -foot 3-inch and
4-foot 8^ inch gauges, respec-

tively, being altered to that stand-

ard. The unavoidable conse-

quence has been that the carry-

ing powers of the lines are

seriously limited, and ingenuity

has been exhausted in devising
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FIG. 4.—NEW ZEALAND ENGINE, CLASS F. THE MOST NUMEROUS IN THE COLONY.
10% X l8 IN.; WHEELS, 3 FT.

CYLINDERS,

such means of increasing the locomo-
tive power as shall enable these unduly
narrow roads to do the work for which
the British standard gauge would be in-

finitely more suitable.

Unfortunately, also, the pioneers in

the construction of the New Zealand

Government Railways contented them-
selves with a road which, in other re-

spects than that of gauge, fell deplorably

short of what most certainly would be
necessary if any material amount of

traffic should have to be carried. The
idea, of course, was that, by economis-

ing the original outlay, the money avail-

able for railway construction would be
used over a larger area than if the mode
of construction were more costly. Thus,

iron rails weighing 40 pounds to the

yard were laid down, while at the same
time excessively steep grades with sharp

curves were adopted, and as a necessary

consequence it was feasible to use en-

gines of only very small weight and
tractive power. Manifestly such loco-

motives were quite inadequate to haul

heavy loads upon such grades as 1 in

50 to 1 in 35 round curves of 7 to 5
chains radius. As a result, excessive

piloting and train- duplication had to be

resorted to. and so the usual experience

that low prime cost means high working
expenses was the experience of New
Zealand, as of other localities where this

ill-advised experiment has been tried.

For more than a quarter of a century
there has been a continuous effort to

remedy this initial mistake, and I can-

not illustrate more forcibly the distance

which had to be travelled between the

two terminal points of this effort than
by showing in one illustration on a uni-

form scale the type of engine with which
the New Zealand Government Railways
of 3 feet 6- inch gauge practically started,

and the type at which it has now ar-

rived. .

The contrast speaks for itself and tells

volumes about the planning and devis-

ing that must have gone on during the

intervening quarter of a century in order

to enable railways which, at the begin-

ning, could be worked by such a toy as

that shown,—known as the "A " class,

—to develop into the sort of road which
at the present day is worked by the

larger engine and by others of modern
times, which I shall illustrate in due
course. To give a rough idea of the

difference between the giant and dwarf
which I show in Fig. 3, it is only neces-

sary that I should refer my readers to
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FIG. 6.—EXPRESS PASSENGER LOCOMOTIVE. CLASS " U," BUILT IN THE NEW ZEALAND RAILWAY WORK-
SHOPS. CYLINDERS, l6 IN. ; STROKE, 2o IN. ; DIAMETER OF DRIVING WHEELS, 4 FT. 6 IN.

J

DIAMETER OF BOGIE WHEELS, 2 FT. 6 IN.; TRACTIVE POWER, 12,400 LBS.;

TOTAL WEIGHT IN WORKING TRIM, 6l TONS

the respective dimensions which accom-
pany the picture.

But those dwarfs of the "A" class,

although for their size and power they
did remarkable work, were soon found
to be utterly inadequate for anything
more than the light traffic of branch
lines or for shunting at stations. Two
classes, indicated, respectively, by the

letters " C" and" D," therefore speed-

ily came out, and the engines of the

latter class were multiplied until, in the

end, they became among the most
numerous of any class in New Zealand.

They were well- designed and handy lit-

tle engines built by the best British

makers, such as Messrs. Neilson,

Messrs. Dubs, and others, and, within

their limitations, they have always
proved, and still are found, admirably
efficient. The " C's " had saddle-

tanks, four wheels, 2 feet 6 inches in

diameter, coupled in front, to which a

pair of trailing wheels was subsequently
added, and cylinders 9^ x J 8 inches.

These were used mostly on goods trains.

The " D's " had cylinders of the same
size, but driving wheels 6 inches larger,

namely, 3 feet in diameter, coupled be-

hind, and the front end of
a
the engine

was carried on a two-wheeled Bissell

bogie. These were the passenger en-

gines.

Both types proved very useful. The
" D's " often ran light passenger trains

at a speed which seems almost incredi-

ble. I have several times known them
to attain a rate of 40 miles an hour and
even more. What this meant in the

way of piston speed and also of wear and
tear with 18- inch leading wheels, I need
not indicate; but it was not infrequently

done. On the other hand, the sturdy

little " C's" used to walk away readily

with goods trains that one would have
imagined such midgets could scarcely

even move.
Next came a mixed- traffic type known

as " F " (Fig. 4), which soon became
the most numerous of all. It had sad-

dle-tanks, cylinders io 1^" x 18", and
six 3-foot coupled wheels. These
" F " engines were genuine '

' servants

of all work," and ran " expresses,"—
such as they were in those days,—heavy
goods, or mixed trains. They could

attain 40 miles an hour on falling grades,

and take thirteen loaded goods waggons
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FIG. 7.—PASSENGER AND MIXED SERVICE LOCOMOTIVE, CLASS " lib," BUILT AT THE BALDWIN LOCOMO-
TIVE WORKS, PHILADELPHIA, U. S. A. CYLINDERS, "16 IN.; STROKE, 20 IN.; DIAMETER OF DRIVING

WHEELS, 4 FT. I IN.; TRACTIVE POWER, 15,673 LBS.; TOTAL WEIGHT IN WORKING TRIM, 58 TONS

up long banks at i in 50 with 7- chain

curves.

However, as the main lines became
extended and the traffic increased,

tender engines that could carry a larger

supply of fuel and water became impera-

tively necessary, so a number of very ex-

cellent ones came out and were classed

"J." They were of the " Mogul"
design, i. e., with six coupled drivers

and leading pony truck or Bissell bogie.

The cylinders were 14" x 20"; the

coupled wheels, 3 feet 6 inches. These
engines, too, proved valuable all-round

workers, hauling seventy waggons of

wheat,—no trifle of a load,—and attain-

ing 45 miles an hour, when required, on
light passenger trains. But when reg-

ular expresses between the chief centres

of population became needful, it was
decided to adopt larger driving wheels,

four-coupled, and at this stage America
made her entrance as a provider. Eight

engines, with 12" x 20" cylinders, 4-foot

coupled wheels, and leading and trailing

pony-trucks, were procured and classed

as " K. " For some years they ran the

Christchurch - Dunedin expresses in

highly creditable style, while shortly

afterward the
'

' Consolidation
'

' (or
" T ") type of goods engine made its

appearance, six of these being imported
from the United States. They had
eight-coupled 3-foot wheels, leading

pony- truck, and cylinders 15" x 18".

Almost simultaneously was intro-

duced the British-built single-boiler

Fairlie type (Class "R") with six-

coupled 3-foot wheels, cylinders 12^""

X 16", and trailing four wheel bogie.

These, too, were useful in their way;
but a series of trials showed that while

the " F " engines could take only thir-

teen loaded waggons up 1 in 50, and
the single-boiler Fairlies eighteen, the

"Consolidation" engines could take

twenty-seven. The superiority of the

more powerful locomotives was thus

strongly indicated, and important de-

velopments followed. This virtually

brings us to the present day.

Two new standard types were de-

signed, the passenger engine of the

2-6-2 order, with six-coupled 4-foot

wheels and leading and trailing pony-
truck; and the goods engine of the

"Consolidation" class, with eight-

coupled 3-foot to 3-foot 6-inch wheels
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FIG. 8.—PASSENGER AND MIXED SERVICE LOCOMOTIVE, CLASS " UC," BUILT AT SHARP, STEWART & CO.'S

WORKS, GLASGOW. CYLINDERS, l6 IN.; STROKE, 22 IN ; DIAMETER OF DRIVING WHEELS, 4 FT.

I IN.; TRACTIVE POWER, 17 240 LBS.; TOTAL WEIGHT IN WORKING TRIM, 6lJ£ TONS

and leading pony truck, both classes

having cylinders 15" x 20". Some of

each were built in Britain and some in

America. The passenger engines were
classed " N " and " V,'' respectively,

according to the birthplace being Ameri-
can or British; the new goods engines

were similarly differentiated by the let-

ters " O " and " P.

"

It will be observed that the " N"
and " V " engines were of what is

termed in America the
'

' Prairie
'

' type,

i. e. , having six-coupled driving wheels

in the middle, with a two-wheeled truck

at each end (Fig. 2). This design has

given very satisfactory results, alike in

speed and in haulage. I have been on
the foot-plate on one of the American-
built " N's " when a speed of 60 miles

an hour was maintained continuously on
the level for a distance of 15 miles, a

maximum of 64. 2 miles an hour being

attained, and on another when a goods
train of eighty-one waggons, loaded

with wheat, was taken at 25 miles an
hour on the level.

It was suggested at a recent meet-

ing of the Institution of Civil Engi-

neers by Mr. G. J. Churchward, the

chief mechanical engineer of the Great
"Western Railway, that this 2-6-2, or

so-called " Prairie," type might yet

come into use in Great Britain for ex-

press duty. It certainly has the great

advantage of a midway position for the

driving wheels and of the most advan-

tageous disposition of the adhesion-

weight. But I doubt whether the four-

wheeled leading bogie, with its manifest

convenience, will be readily dispensed

with, and I should rather anticipate

preference being given to a still later

New Zealand type which I shall men-
tion shortly.

Even in New Zealand, the British

possession in which the 2-6-2 type first

made its appearance, it has long been
abandoned, so far as new locomotives

are concerned, in favour of the more
ordinary 4-6-0 arrangement, in which
the six-coupled wheels are preceded by
a four-wheeled leading bogie, as in the

case of the English Great Western's

Nos. 98, 100 and 171; of the North-

Eastern's " 2001 " and " 21 1 1
"

classes, and of the Great Central's
" 195" and " 196." In the case of

the first of these, which were constructed

locally at the Addington Works, near

Christchurch, 4-foot 6 inch coupled

wheels and 16-inch cylinders with 20-

inch piston stroke were employed for the

first time on the New Zealand State Rail-

ways, but only nine of these were built
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(Fig. 6). In the passenger engines sub-

sequently-constructed by the American
Baldwin Company (Fig. 5), the 15 x 20-

inch cylinderwas retained; but the former

standard size of driving wheel, 4 feet,

was reverted to, and this is still the

practice, which has its latest and largest

development in the case of the huge
engine shown in the first illustration, as

contrasted with the old "A" class, and
also separately (Figs. 3 and 5). The
newest class is lettered " Q," and is,

as will be observed, of the 4-6-0 (or
" U "

) type, plus a pair of trailing car-

rying-wheels, thus becoming a so-called
" Pacific " or 4-6-2 type engine.

With its 16-inch cylinders, 22-inch

piston stroke, 4-foot i-inch wheels, six-

coupled, and 200 pounds steam pres-

sure, this locomotive can exert as much
as 17,240 pounds of tractive power,

taking the effective pressure on the pis-

tons in the cylinders at 75 per cent, of

the full boiler pressure. It has also a

fire-box of the extra wide order, giving

no less than 40 square feet of fire-grate

area, and consequently special freedom
of fuel consumption. It is, in short, a

thoroughly useful and well-planned loco-

motive in all respects, and capable either

of running a very heavy express at the

highest speeds permissible on the 3 -foot

6-inch gauge, or of hauling unassisted

at low speed the heaviest goods trains

that can be accommodated on the New

Zealand lines. Here, then, a climax

may be said to have been reached as

regards main-line engines. It is hardly

probable that there can be any great

advance on this new " Q " type so long

as the New Zealand State Railways
maintain their present character and
their existing dimensional limitations.

But the classes which most closely

preceded this quasi ultimatum, and, in

fact, led up to it, deserve passing atten-

tion. I have already related how the
2-6-2 or " N " class,—of which I illus-

trate No. 353,—had been succeeded by
the 4-6-0 style, and I illustrate the

pioneer of this build, " U " class, No.

274, which was built in the New Zea-

land Railway workshops. It will be
observed that it has, among other nov-

elties, a fire-box of the Belpaire design.

But the 4-foot 6-inch driving wheel was
not perpetuated, the 4 feet being re-

verted to in the next two batches of pas-

senger and mixed traffic engines im-

ported. One lot of these came from the

Baldwin Works, America, and had
4-foot 1 -inch coupled wheels with cyl-

inders 16 x 20 inches; that is to say,

the dimensions were very similar to

those of the latest of the 2-6-2 set, but
the cylinders received an additional inch

of diameter with proportionately en-

larged boiler power and consequently

augmented weight.

The Belpaire fire-box also is used, as

FIG. 9.—"MASTODON'' LOCOMOTIVE, CLASS "B," BUILT IN THE NEW ZEALAND RAILWAY WORKSHOPS.
CYLINDERS, 16 IN.; STROKE, 22 IN.; DIAMETER OF DRIVING WHEELS, 3 FT. 6# IN.; TRACTIVE

POWER, 17,495 LBS.; TOTAL WEIGHT IN WORKING TRIM, 65 TONS
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FIG. TO.—GOODS TANK LOCOMOTIVE FOR HEAVY GRADIENTS, CLASS " Wa," BUILT IN THE NEW ZEALAND
RAILWAY WORKSHOPS. CYLINDERS, 14 IN.; STROKE, 20 IN.; DIAMETER OF DRIVING WHEELS, 3 FT.

3)i IN.; TRACTIVE POWER, 11,833 LBS.; TOTAL WEIGHT IN WORKING TRIM, &% TONS

in all recent New Zealand tender en-

gines. Fig. 7 shows No. 329 of this

class. The batch of British-built en-

gines of the 4-6-0 class came from the

works of Messrs. Sharp, Stewart & Co.,

Glasgow, and I illustrate one of them,

No. 369 (Fig. 8). It will be seen that

the external design is more of the Brit-

ish model than is that to which I have
just been referring; that is to say, it has

a neater aspect to the British eye. The
safety valves are placed in the steam
dome, and the sand box is on the side

frame instead of being mounted on the

top of the boiler casing, with the ap-

pearance of a second dome.
But the chief difference between the

two classes of engines,— both of which
are in the " U " division, the one being

differentiated as " Ub " and the othei
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FIG. IE.—GOODS TANK LOCOMOTIVE FOR HEAW GRADIENTS, CLASS "wd," BUILT AT THE BALDWIN LOCO-

MOTIVE WORKS, PHILADELPHIA, U. S. A. CYLINDERS, 14 IN ; STROKE, 20 IN.; DIAMETER OF DRIVING
WHEELS, 3 FT. zK IN -; TRACTIVE POWER, 14 793 LBS.; TOTAL WEIGHT IN WORKING TRIM, 43% TONS
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as "Ua,"—consists in the piston stroke

being lengthened by 2 inches in the
latter case, thus becoming 22 inches,

and giving a material augmentation of

tractive force, viz., to 115 pounds for

every pound of effective steam pressure

in the cylinders. It will readily be per-

ceived how the latest, or " 0," type
has naturally and almost automatically

developed itself out of this series of these

gradually expanding designs. The
'" O" engine certainly ought to fulfill

all New Zealand's main-line require-

ments for some years to come.
As regards the locomotives of the

purely "goods" type, for mainline
service, their advance may be said to

have been along one single line of rails.

The " O " and " T " classes of Ameri-
can engine, with 15" x 18" cylinders

and eight-coupled, 3-foot wheels and a

pony- truck, and the British " P " class,

with 15" x 20" cylinders and eight-

coupled, 3 foot 5- inch wheels, have
combined to evolve the newest " B "

class, which is of the order known in

America as the " Mastodon," or 4-8-0,

which has eight- coupled wheels and a

four-wheeled leading bogie, differing in

this latter respect from the
'

' Consolida-

tion," or 28-0, order, which has four

pairs of coupled wheels, but only a two-
wheeled leading truck.

The New Zealand " Mastodons,"
Fig. 9, have 3-foot 6^-inch coupled
wheels (eight), and cylinders 16" x 22".

The eight at present in use have been
built in the New Zealand Railway work-
shops, but more will probably be ordered
when required, from abroad. It must
be understood, however, that in New
Zealand there is not, as a rule, the defi-

nite discrimination between passenger
and goods traffic, so far as the locomo-
tive working is concerned, that one finds

in older communities. Many important
main-line trains are " mixed," and
those are usually worked by six-coupled
engines, either of the 4-6-0 or of the
2-6-2 style. But as main-line traffic

develops, the tendency is to allot the

passenger services to the six- coupled,

and the goods to the eight-coupled

classes.

I come now to a curious group of

classes, some of which have no exact
analogy in Britain. In sketching the
earlier features of the New Zealand
Government Railways I mentioned the

large use that was made of a six- coupled,
saddle-tank type classed as " F" (Fig.

3), which for many years proved most
efficient and satisfactory. But after a

while they, with their 10%" x 18'' cyl-

inders, were outclassed by the expand-
ing traffic, as were, in their turn, the

later single-boiler Fairlies, which also

had 3-foot coupled wheels, but 13" x 16"

cylinders. In some cases this led to the

use of the more powerful tender engines,

but in others that method was inadmis-

sible. So the New Zealand locomotive

department set about designing a new
order of tank engines that should fulfill

the requirements newly created and
should also be capable of expansion for

particular service that might need spe-

cial provision.

In this way the " W " class came to

be produced some years ago, the pioneer

of which I illustrate. It bears the num-
ber " 67 " (Fig. 10). These engines,

it will be observed, possess the disposi-

tion of wheels which has come into

prominent favour on several British

lines, notably the North-Eastern, Great
Western, Great Central, and Lancashire

& Yorkshire, viz., having the three

pairs of coupled wheels placed in the

middle, with a pair of carrying wheels

at each end.

The earliest-built of these tanks,

classed " Wa," have cylinders 14" x
20", and 3-foot 3^ -inch coupled wheels.

Of the other subdivision of the " W "

class, while " Wa" and " Wb " fol-

lowed the original design with fair close-

ness and differed only in minor details,

" Wd," "We" and " Wf " exhibited

important departures from the prototype

of the order. Thus, '"Wd" (Fig.

11), which was built in America from

the New Zealand design, was fitted with

a four-wheeled trailing bogie instead of

a two-wheeled pony- truck, and so be-

came a twelve-wheeled engine of the

2-6-4 plan, while " Wf " (Fig. 13),

constructed in New Zealand, has not

only the trailing four-wheel bogie, but

also a 22-inch piston stroke and 5^
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FIG. 13.—SUBURBAN TANK LOCOMOTIVE, CLASS "wf," BUILT IN THE NEW ZEALAND GOVERNMENT RAIL-
WAY WORKSHOPS. CYLINDERS, 14 IN.J STROKE, 22 IN.; DIAMETER OF DRIVING WHEELS, 3 FT. 9 IN.;

TRACTIVE POWER (AT 75 PER CENT. BOILER PRESSURE), 14,370 LBS.; BOILER PRESSURE,
200 LBS.; TOTAL WEIGHT IN WORKING TRIM, 43^ TONS; GAUGE. 3 FT. 6 IN.

inches extra driving wheel diameter, the

coupled wheel being 3 feet 9 inches,

while the boiler pressure was raised to

200 pounds per square inch. This
species was expressly built for suburban
passenger duty. One of these is illus-

trated in the present article.

Class " We " (Fig. 14) must be con-

sidered in association with another loco-

motive type, "H," that was specially

constructed for working the steep incline

by which the Rimutaka Mountains are

ascended from the northern side, and
which, for three miles, has the excep-

tional grade of 1 in 15 continuously,

with reverse curves of only 5 chains

radius, about fifty of which occur in that

short distance. The engine shown
(No. 204) is on the Fell system (Fig.

12). It has four coupled wheels, 2 feet

8 inches in diameter, driven by outside

cylinders, 14" x 16". There are also

two pairs of horizontal coupled driving

wheels which, worked by inside cylin-

ders, are pressed by powerful springs

against the raised middle rail and so

obtain, by means of that direct grip, a

large increment of tractive power. The
radial trailing wheels are 2 feet 6 inches

in diameter. These Fell engines, six in

number, work constantly between the

Rimutaka summit and the foot of the

incline; but with the heavy trains that

are constantly encountered nowadays
three engines are quite commonly used,

and four not seldom have to be em-
ployed, these being placed at intervals

along the train so as to avoid undue
strain on the respective draw -bars.

It was with the view of minimising
this tripling and quadrupling of the Fell

engines that the new variety of the
'

' W " class has lately been introduced

as " We," specially to assist both up
the Rimutaka incline itself and also on
the severe grades of 1 in 40, etc. , which
occur just below the Fell incline, but are

worked by ordinary locomotives. The
" We " engines can go up the 1 in 15
quite readily without the aid of any
gripping apparatus on the mid-rail, but

they are fitted with powerful gripping

brakes working on the third or middle
rail, and so can exercise all the brake
power required for the descent of the

incline by heavy trains.

Last among the new engines comes
one of a very remarkable character,

which was designed for similar duty to

that just described in the case of Class
" We," but oi a still more arduous
nature. This type, bearing the letter

" E," is mainly for use in assisting on
the steep grades immediately below the

Rimutaka incline. It can also work up
the incline if required, and, with that
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end in view, has been equipped with

very powerful middle- rail gripping
brakes. The cylinders are those of

some Vauclain compounds imported
some years ago, but not used. In order

to utilise them they have been worked
in for this articulated Class " E " en-

gine, and on account of the existing

smoke-box saddles on the cylinder cast-

ings it was necessary to place them at

opposite ends of the engine, instead of

having one set of cylinders immediately
under the fire-box. There is a special

type of boiler with a corrugated, cyl-

indrical fire box. For slow speeds and
heavy work this engine should give

good results. There can be few loco-

motives of the 3 -foot 6-inch gauge more
powerful than this one; but, of course,

the cylinder arrangement is not what it

would have been had the cylinder cast-

ings been made specially for this pur-

pose. Nevertheless, the type is a very

powerful one, which ought to prove ex-

ceedingly efficient.

From the side elevation of this en-

gine (Fig. 19), it will be seen that the

boiler is of the extended waggon-top
type, while the carrying portion of the

engine is articulated in two divisions of

six wheels each. Each set of six-coupled

wheels is driven by two pairs of cylin-

ders, the high-pressure cylinders being
9/4" x 18", and the low-pressure
cylinders, superposed upon the high,
16" x 18". The front end of the en-

gine is carried on a two-wheel pony
truck. On each pair of coupled wheels
a weight of exactly 10 tons is imposed,
while the pony truck carries 5 tons.

The total weight of the engine in

working order is, therefore, 65 tons,

while its normal tractive power is 29,000
pounds on the basis of 75 per cent, of

the boiler pressure, 200 pounds per
square inch being exercised effectively

upon the high-pressure pistons. The
boiler is very large, giving a total heat-

ing surface of 1540 square feet, while

the grate area is 26 square feet. The
recital of these principal dimensions will

suffice to show what a vast and potent

machine it is, especially in proportion to

the narrowness of the gauge upon which
it has to work.

Before closing this paper a few lines

ought to be devoted to two other pro-

ductions of the New Zealand Railways
workshops, which, although of the

nature of conversions and rebuildings,

nevertheless will long constitute a sub-

stantial numerical proportion of New
Zealand's locomotive stock. Early in

the course of this paper I mentioned the

I
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FIG. 14.—TANK ENGINE, CLASS " We,"~FOR THE RIMUTAKA INCLINE. LENGTH OF " INCLINE," 3 MILES;
GRADE, I IN 15; CURVES, 5 CHAINS RADIUS. CYLINDERS, 16 IN.: STROKE, 22 IN.; DIAMETER OF

DRIVING WHEELS, 3 FT. 6~% IN.; TRACTIVE POWER, l8,000 LBS.; TOTAL WEIGHT
IN WORKING TRIM, 54^ TONS
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very numerous Class " F " of the
'

' old

times '

' of New Zealand railways, and
it may be recollected that they were six-

coupled saddle-tanks, with cylinders

10^2" x 18" and 3-foot wheels. These
are being converted at the railway work-
shops into wing- tanks, with 12- inch cyl-

inders and with trailing pony trucks

added, their weight being simultane-

ously augmented by about 10 tons. As
thus altered, they are proving extremely
useful little machines, as, indeed, they

always were even in their
'

' unconverted

two rebuilt classes have done, and are

doing, excellent service on general local

traffic.

The total number of locomotives which
were at work on the New Zealand Gov-
ernment Railways up to March 31 of

last year, when the latest returns were
made up, was 377. A good many of

the engines earliest in use have been
sold to contractors and others, and
some, of course, have been condemned
and broken up. Thus, only four of the
"A " class still remain and six of " C,

"

:fig. 37—tank locomotive, class " Fb," built in the new Zealand railway workshops, cylin-

ders, 12 IN.; STROKE, l8 IN ; DIAMETER OF DRIVING WHEELS, 3 FT. ^ IN.; DIAMETER OF BOGIE
WHEELS, 2 FT. % IN ; TRACTIVE POWER, 852I LBS

J
TOTAL WEIGHT IN

WORKING TRIM, 2S^ TONS

days.
'

' They are shown in both phases,

Figs. 4 and 17.

In the other case, engines of the
4

;

L " class, — a slight enlargement of

the " D's " described before, with 3-foot

wheels, four-coupled, 10^" X 18" cyl-

inders, and radial leading axle,—are

being rebuilt with 3-foot 6% -inch

wheels, i. e., 6^ inches larger than be-

fore, and 12-inch cylinders, i. e. , i 1^
inches larger; also with a leading four-

wheeled bogie instead of a single pair

•of carrying wheels with radial axles, and
also with a pair of trailing carrying

wheels, the weight, moreover, being in-

creased by 12 tons, viz., to 31^ tons

in working order (Fig. 18). These

while all of the double Fairlies (Fig.

15), which originally numbered eight,

have long since been condemned. They
were useful engines in their day, but

generally laboured under the disad-

vantage that full loads could not be
given them, the result being that they

were extravagant in fuel consumption,

while they were regarded as costly in

respect of repairs.

On the other hand, it is only fair to

bear in mind that the double Fairlies

were never favourites in New Zealand,

and, as everyone knows who has had
much to do with locomotives, unpopular

engines seldom have the chance of show-
ing themselves at their best. _ Person-
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ally, I may say that while the double
Fairlies were never favourites of mine,

I have seen them do some very good
work, and I have often thought that

they might have been used to better

advantage. However, they are all gone
now, and it is in the highest degree im-

probable that the type will ever again

be seen on the New Zealand railways.

The single-boiler Fairlies (Fig. 16)

have always performed respectably, but

there seems no reason to think that they

have derived any advantage through
their somewhat complex and trouble-

some steam bogie. Ihave seen a great

countries, where the opportunity" has
been afforded of beginning absolutely

from the beginning, unhampered with

disadvantageous legacies of the past, the

tendency will creep in to multiply the

number of different classes, it is*note-

worthy that the three hundred and
seventy- seven engines employed on the

New Zealand Government Railways are

divided into no fewer than thirty-one

classes. This fact, however, does not
imply any fault on the part of the suc-

cessive mechanical engineers. Each
separate type, as it came, was devised

for the requirements of a particular

V
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FIG. iS.—TANK LOCOMOTIVE, CLASS " L," BUILT IN THE NEW ZEALAND RAILWAY WORKSHOPS. CYLINDERS,
12 IN.; STROKE, 18 IN.; DIAMETER OF DRIVING WHEELS, 3 FT. 6% IN.; DIAMETER OF BOGIE WHEELS,

2 FT. 2% IN.; TRACTIVE POWER, 7361 LBS.; TOTAL WEIGHT IN WORKING TRIM, 31^ TONS

deal of their work in New Zealand, and
have never been able to convince myself

that they would not have done just as

well with rigid framing for the six-

coupled wheels, seeing that they had a

four-wheeled bogie in the rear. I im-

agine, therefore, that this locomotive
type will not be multiplied in the future,

and that the twenty two now remaining
will be replaced by engines of the

ordinary build when they shall have
worked out their time. Should they

be found worth rebuilding, I anticipate

that they will be converted on the nor-

mal lines of construction.

As showing how even in the newest

service or to comply with certain local

conditions, as, for example, the Fell

engines, which had to be built for the

work of the Rimutaka incline of i in 15.

Similarly the most recently introduced

types of the tank order, such as the

articulated, four-cylinder compound
Class " E," described before, and also

the "We" class, likewise described,

have been evolved with the special ob-

ject of securing the more economical and
efficient working of that i-in-15 incline

and other severe, though less steep,

grades by which the crossing of the

Rimutaka range of mountains is effected.

Thus, also, the urgent public demand for



LOCOMOTIVE PRACTICE IN NEW ZEALAND 389

FIG. 19. - COMPOUND LOCOMOTIVE, CLASS E, BUILT IN THE NEW ZEALAND RAILWAY WORKSHOPS. LOW-
PRESSURE CYLINDER, 16 IN. X l8lN.; HIGH-PRESSURE CYLINDER, $% IN. X 18 IN.; DIAMETER OF

DRIVING WHEELS, 36}^ IN.; TRACTIVE POWER, 29,000 LBS.; TOTAL WEIGHT
IN WORKING TRIM, 65 TONS

faster express services suggested the idea

of building the larger-wheeled engines

of the first " U " class.

Three of the earliest classes of New
Zealand locomotives, those lettered
" B," " E," and " N," all double

Fairlies of varying dimensions, have

long been totally abolished ; but already

new locomotive types were waiting to

receive the disused letters, and each has

been allotted to one of the newer classes,

while at the same time, some of the

original letters have had to be used to

indicate a group of several builds differ-

ing from one another in material re-

spects, although usually, but not in-

variably, agreeing as regards their main
features, such as the number and dis-

position of their wheels. This multi-

plicity of types is necessarily a draw-

back, yet it is not so easy to see either

how it could have been originally

avoided, or how, even in the light of

modern experience, it can be entirely

remedied. All that can be done in this

direction is being done by the present

able chief mechanical engineer, Mr. A.

L. Beattie, and doubtless the process

will steadily continue until most of the

older classes have been either con-

demned or rebuilt into a more modern
and uniform design.

Reviewing the New Zealand Govern-
ment locomotives as a whole, it may be

observed that certain features prevail.

All, for instance, have steam domes; all

have outside cylinders. This latter ar-

rangement is virtually compulsory,

through the narrowness of the gauge,

which would not afford space between
the frames for cylinders of anything like

a useful size. It is true that the hori-

zontal wheels of the Fell engines, which
obtain traction by strong pressure
against the raised third or middle rail,

are driven by inside cylinders; but it

need hardly be explained that, as they
drive horizontal wheels, there is no
analogy between them and the inside

cylinders of the normal locomotive. It

may be remarked here that trad ion on
the Rimutaka incline has proved in

practice feasible to a much larger extent

by means of more adhesion weight than
had been thought at all feasible when
the incline was planned. I have known
the Fell engines to take fair loads up the

incline by means of their vertical wheels
only, without calling in the aid of the

horizontal gripping gear, and it is be-
lieved that the new double-six-coupled
" E " engine will prove to have very
considerable capabilities in this direc-

tion. But by whatever means it may
be worked, the Rimutaka incline must
always prove a serious stumbling-block
in the way of the speedy and facile trans-

mission of traffic between the capital

city, Wellington, and the large and im-
portant district that lies north of the

Rimutaka ranges, apart from the fact

that railway communication is ultimately

intended to be completed by that route

between Wellington and the more
northern city, Auckland.

In order to avoid any risk of miscon-
ception, I may mention here, although
the fact ought to be sufficiently plain
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from what I have said before, that all I

have stated in this article applies solely

to the New Zealand Government Rail-

ways, which constitute an overwhelming
majority in mileage of the entire railway

system of New Zealand. Practically the

only private line in that colony is the

Wellington and Manawatu Railway,

which comprises but 84 miles, as com-
pared with the 2300 miles of the Govern
ment lines. The locomotive practice of

the Wellington and Manawatu line pos-

sesses undoubtedly a considerable in-

terest of its own, but confusion would
be apt to result if I dealt with it at

the same time as that of the Govern-
ment Railways. Possibly a future op-

portunity may offer to touch upon that

subject.

My notes upon the locomotive prac-

tice of the New Zealand Government
Railways would be in some degree in-

complete if I wholly omitted to notice

the personal element in the history.

But I must content myself with brief

mention of a few names that stand out

with principal prominence in this con-
nection. They include those of Mr. W.
Conyers, the first chief mechanical engi-

neer of the earliest New Zealand rail-

way, subsequently chief railway commis-
sioner, i. e.

,
general manager, for all

the Government Railways of the South-
ern Island; Mr. Allison Smith, who long
filled the post of chief mechanical en-

gineer to the same extensive railway

system, who designed and built the

Addington workshops,—the most im-

portant in the colony,—and who sub-

sequently held the post of locomotive
superintendent to the Government Rail-

ways of Victoria; and Mr. A. L. Beattie,

who for some time past has most worth-
ily occupied the position of mechanical
engineer-in-chief of all the Government
Railways in both the main islands of

New Zealand. To his courtesy and
that of the general manager, Mr. T.

Ronayne, I am indebted for the admir-

able photographs and for some of the

valuable figures and details which I have
used in this article.



SPECIAL FORMS OF CRANES

By Joseph Horner

Concluded from the February Number

A
SPECIAL form of coal trans-

porter is built on the gantry

crane model. The gantry runs

alongside the wharf, and serves a gas

works on the other side. In place

of the usual crane, a steam trans-

porter is mounted on the gantry, the

carriage way or beam being sloped

at an angle of 60 degrees with the verti-

cal. The block carriage with its bucket

is lowest on the water side, whence it

lifts the coal to the skips on the higher

level on the gas works side. The car-

riage is drawn up by wire rope, and coiled

round a hoisting drum actuated directly

by the engines alongside the boiler.

Slewing and travelling are both done
by hand.

For many years the Fairbairn crane

was a fixture. The swinging jib, as in

the old standard design, carried down
into a deep pit, fitting in a footstep at

the bottom, and swivelling therein and
on a race of rollers at the ground line.

The immense sweep of the jib and its

mass,—being solidly plated,—would
seem to render the idea of slewing it on
the truck of a travelling crane absurd.

FIG. II.—A 2^-TON STEAM CRANE, ON THE HAMBURG DOCKS. BUILT BY MESSRS. MOHR & FEDERHAFF,
MANNHEIM, GERMANY

39 1
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FIQ. 12.—AN ELECTRIC 2) -TON TWO-MOTOR REVOLVING CRANE BUILT BY MESSRS. MOHR & FEDER-
HAFF, MANNHEIM, GERMANY

Hence, when jibs of long radius are used

on portable cranes they are nearly al-

ways lattice braced, and if they are bent

they are not self- sustaining, as a rule,

but are supported with tie rods at

about the centre of their length, leav-

ing only the portion beyond self sup-

porting.

It is, however, quite practicable to

use Fairbairn jibs on portable cranes,

and they will lift across the rails if rail

clips or blocking girders are employed.
There are examples of their being fitted

thus to steam cranes. The foot of the

jib rests on the revolving bed at the

front, and on a pillar a few feet up,

while the boiler and engines go on the

back of the bed. Used thus, they

should be excellent cranes for quay
walls and wharves, owing to the bulky
packages which can be admitted under
the jib. Fig. 1 1 shows a portable steam
crane with Fairbairn jib, one of fourteen

supplied for a railway serving Hamburg.
It is of 2y2 tons power, and has a radius

of 32 feet 2 inches. This is by Mohr
& Federhaff, of Mannheim, Germany,
and represents a favourite form of this

crane for dealing with goods. Figs. 12,

13, and 14 are other examples of this

type of crane.

Almost invariably steam balance

cranes rotate directly on the truck, the

advantages of which are that the best

stability is secured, because the centre

of gravity is kept low, and the attendant

can see all over and around the crane.

The one disadvantage is that the swing
of the tail with its counterbalance re-

quires a clear room of several feet on
each side of the rails. In one German
type this is avoided, but at the sacrifice

of stability. Here the engines and boiler

stand directly on the truck and do not
slew. The jib, with its counterweight,

is pivoted above these, clearing the top

of the boiler and swinging with the post.

An electric crane of this type is shown
in Fig. 15.

If the superstructure of a revolving

crane be mounted on a high tower built

of lattice-braced legs, we have an im-
posing type which is adapted for ship-

yards and wharves. A 75-ton crane of

this kind, made by the Diisseldorfer

Krahnbaugesellschaft Liebe - Harkort
m. b. H., is shown in Fig. 17 with a

derricking jib.
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r
_ The modern type of " Titan " crane

is a machine which has been evolved by
the trying conditions of very heavy
service on exposed sea fronts. There
are some cases of

'

' Titan
'

' cranes hav-

ing been blown over into the sea in spite

of their immense mass. In daily serv-

ice the strains on the various members
are most severe. To move such heavy

from the rail clips or blocking girders of

the light cranes.

The easy travelling of such a mass is

only possible by distributing the load

over a number of wheels, from twelve
to sixteen, and by taking the thrust of

the axles on springs. None of the early
" Titans" had springs, and the result

was sometimes that wheels broke, and

25-TON ELECTRIC REVOLVING WHARF CRANE, 44 FEET RADIUS, BUILT BY
THE NAGEL & KAEMP IRONWORKS CO., HAMBURG, GERMANY

cranes, weighing from 200 to 300 tons,

along a pair of rails with a load of thirty,

forty or fifty tons hanging out 50 feet

or more from a cantilever jib, and to

slew such a load around with perfect

stability and safety and also to rack the

load along the jib with smoothness of

motion, are problems not easy of solu-

tion. There is no aid to stabilty derived

5-4

the rails bent and sunk locally in places

where the load became concentrated.

Volute springs are used, either two or

four to each journal, or the leaf springs

seen in Figs. 17 and 18. The strain on
the forward wheels is terrific at the mo-
ment of taking the load, the end of the

jib dropping several inches, and the

effect on the permanent way would be
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FIG. 14.—A 5-TON ELECTRIC REVOLVING CRANE BUILT BY THE DUESSELDORFER K.RAHNBATT-

GESELLSCHAFT LIEBE-HARKORT, M. B. H., DTJESSELDORF-OBERKASSEL, GERMANY
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FIG. 15.—A 5-TON ELECTRIC LOCOMOTIVE REVOLVING CRANE, 16 FEET RADIUS, BUILT BY THE
BEURATHER MASCHINENFABRIK, BEURATH, GERMANY

to cause depressions in it but for the

practice of mounting the wheel bearings

against springs. When a
'

' Titan
'

' has

to take quick curves, bogies are used.

Steady rotation of the jib is ensured

by the large diameter of the wheel race,

—30 to 35 feet,—and the distribution

of the load over two to three dozen
turned rollers running between turned

roller paths. The very large diameter

of the roller race is a noticeable feature

of this type. This, together with the

fact that the boiler, engine and gears

are placed behind or within the circle of

the race, and that supplementary ballast

is also placed behind, ensures the stabil-

ity of the crane under maximum loads

at maximum radii.

The tall framing, made high to clear

the block trucks, is subject to severe

oscillatory stresses when the loaded

crane is travelling. The plating is,

therefore, made very deep, and sup-

ported with massive angle brackets and
braced in all directions with broad chan-

nels.

The travelling of these huge masses,

weighing from 200 to 300 tons, is ac-

complished in one of two ways, either

through pitch chains or bevel wheels.

This operation, like those of racking,

lifting, and slewing, is performed from
a single set of double-cylinder engines.

The pitch chains, being long, sag and
operate the travelling wheels in a rather

jerky manner, causing reversal to be-

come a nuisance, and they also stretch

with service. The bevel gears, on the

other hand, are liable to fracture, so

that it is necessary to carry their shaft

bearings in stiff brackets well tied to-

gether, and to see that the plating to

which the brackets are bolted is well

stiffened with diaphragms or stiffening

ribs. Both systems of driving are

adopted, as they are in " Goliaths."
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A " Titan " crane possesses a certain

amount of similarity to a portal crane,

because space is left underneath between
the frames or uprights for the rows of

block trucks as the crane runs over
them. It is much quicker to work in

this way than to slew the crane each

high quality. The joints are plated in

the girder work, and as the mechanism
has to be shipped in sections, this means
that these sections have to be bolted to-

gether temporarily during erection and
for testing. Punched holes are never
allowed here, but the holes are either

[7.—A 75 -TON ELECTRIC REVOLVING CRANE BUILT BY THE DUESSELDORFER
KRAHNBAUGESELLSCHAFT LIEBE-HARKORT, M. B. H.

time a block is fitted and deposited.

Most 'of them have racking jennys,

as well as capacity for longitudinal

travel.

The workmanship in these machines
has always been, and necessarily so, of

reamered or drilled, and turned bolts

have to be inserted. The gears, though
cast, are mostiy machine moulded. The
large slewing ring is cast in sections and
held down with turned bolts in ream-

ered holes. Wire rope is generally
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used in preference to chains for lift-

ing.

The functions of these cranes are not

quite restricted to the work for which
they were originally designed. Besides

handling the concrete blocks, they are

used for grabbing, for lowering diving

bells and for depositing concrete in bags.

Fig. 1 6 shows two of these functions in

a crane built by Ransomes & Rapier.

The grab is operated by a special fixture

at the end of the jib. It is used in pre-

paring the ground at the sea front for

the reception of the bags of concrete in

the drop-bottom skips, one of which is

suspended and another upside down on
trestles.

Generally a
'

' Titan
'

' is built for one
special contract of harbour work and is

seldom used for any other. It is, there-

fore, hardly ever made in duplicate,

though certain portions may remain

standard for cranes varying in other

particulars. This question of specialisa-

tion, however, lies outside the subject

of the present article.

There are only two rivals to the
" Titan,"—the " Goliath" and the der-

rick. The last-named is only so in a

slight degree, but the "Goliath" is

more serviceable than the
'

' Titan
'

' on
long and wide piers and breakwaters.

An object lesson of this kind is afforded

by the Ransomes & Rapier '

' Goliaths
'

'

at Dover in the block yards and on the

breakwaters. A '

' Titan
'

' here would
be wasteful of time, because of the great

extent of the works. Blocks are being

stacked and others are being deposited

simultaneously by different " Goliaths,"

while at the same time the grabs are

dredging, and the divers are being low-

ered in the bells.

The cranes span the entire width over

FIG. l8.—A 30 -TON STEAM TRAVELLING CRANE BUILT BY MESSRS. RANSOMES & RAPIER, LTD., LONDON
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STONEY PATENT TIPPING CRANE MADE BY MESSRS. RANSOMES & RAPIEI
WATERSIDE IRONWORKS, IPSWICH

which work is going on, running on
temporary stagings which a big derrick

is building out at the sea front. A
'

' Titan
'

' would be quite unable to cope
with such an extensive work.

Fig. 1 8 shows a special form of trav-

elling steam crane made by Ransomes
& Rapier, its most obvious feature being

the height, which is unusual in this

class of crane. This was embodied for

a similar reason to that of building the
'

' Titans " at a good elevation, to per-

mit of the passage of trucks underneath,

—in this case railway trucks at Parkes-

ton. It is, therefore, in this sense a big

portal crane of very powerful build, lift-

ing 30 tons at a maximum radius of 36
feet, a load which it will hoist to a height

of 50 feet. For lesser radii the jib is

moved nearer the vertical. Here we
note the great mass of 120 tons carried

on twelve wheels with leaf springs. All

the motions, including the travelling,

are made through toothed wheels driven

from the pair of engines on the revolv-

ing superstructure. The mass of the

jib is lessened by adopting the double

parabolic and lattice-braced design.

Wire ropes are used for lifting and rais-

ing or lowering the jib. The super-

structure is rendered stable in all posi-

tions of the jib by the large diameter of
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FIG. 21.—A 4^-TON ELECTRIC LOCOMOTIVE CRANE. THERE ARE THREE ELECTRIC MOTORS, ALL TAKING
CURRENT FROM AN OVERHEAD TROLLEY SYSTEM. BUILT BY MESSRS. MOHR & FEDERHAFF, MANNHEIM

the roller race and the dispositions of

the boiler, heavy gears and ballast.

Fig. 19 shows a design of crane for a

special duty. It is the Stoney patent

tipping crane, built by Ransomes &
Rapier for handling spoil from a

dredger, small coal, or other similar

duty. The principal feature here is the

perfect control that is exercised over the

tipping action, the amount of which can
be regulated to a nicety from the en-

gines. The advantage of this is that

the water dredged up with the spoil can
be emptied out before the gravel, sand
or mud is tipped into the trucks. In

the case of coal, the advantage is that

the steadiness of movement lessens the

liability of the coal to break up, which
occurs when it is thrown down from an
ordinary skip.

The boxes are suspended by two
sprocket chains, carried by wheels on
the lifting bar, and the latter is turned
by chains and wheels on the same bar,

in connection with four steel wire ropes
used for lifting, and wound in pairs on
two barrels. These can be made to re-

volve in the same, or in opposite direc-

tions, to cause the box to lift or tip in

either direction. The tipping can be

done at any height within the range of

lift of the crane, and at any angle. Nine
of these cranes have been at work for

several years on the Manchester Ship
Canal, where 312 boxes, each contain-

ing six tons of material, have been lifted

25 feet from barges, swung around and
tipped in barges by one crane in a work-
ing day of nine hours.

Fig. 20 shows a very special crane by
Mohr & Federhaff, of Mannheim, which
was built for unloading ore for an iron

and steel works. The enormous length

of the jib is the most striking feature,

reminding one of a " Titan
'

' arm. The
loads, however, do not exceed two tons.

The radius is 67 feet 3 inches, lifted

across a gauge of 11 feet 9^ inches,

with no blocking girders or rail clips;

the gauge, the roller path,—as large as

the railway gauge,—and the heavy bal-

ance weights behind ensuring stability.

A racking carriage drawn with chains

takes charge of the traverse of the load,

which is lifted by wire rope.

A feature common to many of the

recent types of cranes is the lightly-

braced jibs. The older, heavy jib in

compression, sustained by light tie rods

in tension, is giving place to a light-
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braced structure in which there is very
little difference in the sections of the

two classes of members, but they are

stiffened by bracing and by their spread
from sheave to base. The two thrust

members and the two tension members
occupy four corners of a rectangle, and
the bracing is disposed to make in effect

a solid structure, as may be seen in

Figs. 21 and 22. The contrast is very
marked between these and the solid

plated Fairbairn jib. The design seems
to be a reflection of the braced gantry
frames and legs in the cranes of large

span. It lessens the tipping moment
of the crane by reducing the mass of

the overhanging jib, and, while given
good workmanship, nothing is sacri-

ficed.

Among special designs which are not
confined to any one class of crane we
notice the growing practice of building

up skeleton frames mainly of channel'

sections and H sections, to the displace-

ment of cheeks of cast iron and steel-

plated work. These are noticeable in

many steam cranes of horizontal and
vertical types. The shaft bearings are

bolted on the edges or faces of the sec-

tions. The same thing is done in many
electric cranes.

These designs are cheaper than the

ones for which they are substituted.

They are also favourable to the examina-
tion and repair of worn or broken parts;,

but they take away mass from the place

where it is wanted most, that is, over

the centre of the crane. This is a mat-

ter of less importance in cranes of long

radius than in those having long jibs.

It is opposed to the best designs, in

which the aim is to lessen the balance-

at the tail and abandon the use of rail;

clips or blocking girders by making

15-TON REVOLVING CRANE, WITH TROLLEY RACKING ON CANTILEVER JIB, BUILT BY THE-

BEXIRATHER MASCHINENFABRIK, BEURATH, GERMANY, AND LONDON
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FIG. 23.—TRAVELLING CRANES, IN THE SCHULZ KNAUDT ROLLING MILLS AT ESSEN, BUILT BY LUDWIG
STUCKENHOLZ, WETTER, A. D. RUHR, GERMANY. THE CRANE AT THE RIGHT IS OF 35 TONS

CAPACITY AND 27 FEET SPAN, AND HAS AN AUXILIARY 6-TON HOIST. THE 6-TON CRANE
AT THE LEFT IS OF THE SAME SPAN, AND HAS A SUSPENDED REVOLVING OUT-

RIGGER ARRANGEMENT, GIVING IT AN EXTENDED RADIUS OF ACTION

cranes stable, though lifting maximum
loads across the rails.

According to present indications, we
may anticipate that the big cranes of the

future will consist of skeleton structures,

in which the various members will be
reduced to a minimum consistent with

safety. Skeleton frames and jibs or

gantries and legs will contain no solid

plating and no heavy castings, but the

latter will be reserved for the bases of

balance cranes. The cost of building

cranes will thus be cheapened, while the

dead weight will be lessened materially

.

As mentioned previously, electricity

will have the effect of rendering possible

the design of all kinds of unique types

of cranes, as it has already done to a

remarkable extent, and many old types

will fall into oblivion accordingly, super-

seded by better kinds, accomplishing

the same service in a more efficient and
rapid manner.

Crane progress is already so rapid

that the novelties of to-day will shortly

become commonplace, and new forms

will arise, to be in turn superseded by
others.



COLD-FLOWED STEEL JOINTS

A NEW DEVELOPMENT IN THE ART OF EXPANDING TUBES

By Robert S. Riley

COLD-FLOWED steel joints, as

described in the following pages,

are a development in the art of

expanding tubes, which opens up new
possibilities in the connection of pipes

by means of flanges. Expanded joints

have heretofore been confined to boiler

tubes in tube sheets and other such plain

work which it was thought impossible

to do in any other way. Nothing but

the plain expanding was attempted, and

proven by its survival and further de-

velopment. Other methods have been
tried, notably that of internal pressure,

by which the pipe is swelled out into

recesses provided for the purpose. The
weakness of this method lies in the fact

that the internal pressure, although it

exceeds the elastic limit and causes a

permanent set in the tube, does not

leave it pressed tightly enough against

the containing body. In other words,

f

FIG. I.—THE FIRST MACHINE BUILT FOR EXPANDING PIPES INTO FLANGES

that was done with crude portable ex-

panders worked either by hand or by
power. The work was satisfactory

enough in most cases, and no need was
felt for any further development of the

art of roller expanding.
That pipe expanding by this method

was done after the right principle is

404

the pipe contracts slightly on the re-

moval of the pressure, and so invites a

leak.

The rolling principle, on the other

hand, actually rolls out and lengthens

the circumference of the tube so as to

leave it in a state of compression by the

flange or other containing body. The
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joint thus 'made" is dependent on the in a longitudinal direction, but this is

pressure which tends to keep the sur- insignificant and not to be compared
faces in intimate contact, and this pres- with the circumferential expansion. The

FIG. 2.—TYPE OF EXPANDING MACHINE WITH MOTOR AS USED FOR JOINTS UP TO 7' 2 INCHES DIAMETER

sure is limited only by the ability of the

tube to resist collapse or of the flange

to resist bursting.

The action of the rolls on the tube is

that of peening it out, just as a copper-

smith peens out a soft copper pipe to

fill a flange before he brazes it, or it

may be compared more properly to the

action of the rolls in a rolling mill. The
metal in the pipe is compressed between

the surface of the flange containing it on

the one side and the revolving roller on
the other side. Thus every part of the

circumference of the pipe is subject to a

squeezing or extrusion process which
causes the metal to flow into tool marks
or any crevice left in the interior of the

flange. A slight expansion takes place

beading or peening effect of the rolls in

a circumferential direction is due to the

concentrated pressure at one point, and
this causes a flow of metal away from
that point.

It is the purpose of the present article

to give some idea of the extent to which
this principle can be utilised for the pur-

pose of connecting flanges to steel pipes,

and of the machinery requisite for such
work. The pioneer in this field of work
is Luther D. Lovekin, of Philadelphia,

chief engineer of the New York Ship-

building Co., of Camden. New Jersey,

who began experimenting in 1889 with

the small machine shown in Fig. 1.

Since then Mr. Lovekin and his asso-

ciates have developed a series of strong
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and efficient machines capable of ex-

panding pipes from 2 inches in diameter

up to 48 inches, or, in fact, any size

that it is possible to handle. For his

invention and researches in this direc-

tion Mr. Lovekin has been recommended
for the award of the Elliot Cresson gold

medal by the Franklin Institute, of Phil-

adelphia.

A general idea of the machines may
be gathered from the illustrations ac-

companying this article. In their de-

sign many difficult problems have been
solved, and the details worked out are

interesting. The expanding tool proper

to the tool then advances or withdraws
the central mandrel. The central tap-

ered roll is attached to this mandrel,
but is left free to revolve independently
of it by means of the friction thrust rings

shown. The driving power on the roll-

ers is applied through the shell or cas-

ing. This gives great strength and
leaves the central roll free to adjust itself

to allow for irregularities in the pipe.

The expanding machine for the

smaller sizes is somewhat similar in ap-

pearance to a threading machine, as

will be seen from Fig. 2, which repre-

sents a small machine for expanding

-AN EXAMPLE OF COLD-FLOWED STEEL JOINT. A SECTION OF THIS FLANGE HAS BEEN CUT
AWAY TO SHOW HOW THE METAL HAS FLOWN INTO THE RECESSES

is similar in appearance to the usual

type of extending tool used for boiler

tubes. Primarily it consists of three or

more tapered steel rollers which revolve

around a central roll or mandrel. The
latter is tapered to correct the taper of

the revolving rollers, and has a feeding

mechanism by which it may be advanced
or withdrawn while in operation.

It will be seen that the feeding device

consists of a pin or key passing through
the central mandrel, and threaded on
its ends so that it engages with the

threaded interior of the feed wheel.

The rotation of this feed wheel relative

pipes from 2 inches to 7 inches in di-

ameter. The expanding tool of the

required size is attached to the main
spindle. This spindle rotates in a mov-
able head, which can be run back and
forth on the ways to engage with the

pipe as desired. The driving power is

transmitted to this spindle by means of

a splined shaft, which slides in the

worm-wheel, as shown. This worm-
wheel receives its motion from the worm
revolved by the attached motor or any
other convenient source of power.

The pipe and flange are held by a

pair of sliding heads which have their
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motion perpendicular to the spindle of

the machine. They form a combination

of faces and clamps for securing the

flange in proper position, together with

a pair of toothed jaws which act as a

pipe vise for holding the pipe in posi-

tion. The pipe has to be secured thus

until it is expanded sufficiently to be
held by the flange. The combination
forms a very convenient arrangement
for quickly clamping the pipe and flange

in position for operation. Then the

head is brought forward until the tool

enters the pipe the required distance.

The feed wheel is now held so that the

ing its form has to be allowed time to

flow into the recesses provided for it.

Fig. 3, representing a 5-inch pipe and
flange with a section of flange removed,

shows how completely the metal of the

pipe has filled every crevice in the in-

terior of the flange. Every tool mark
in the flange is imprinted in the pipe,

and the special recesses

are completely filled

by the extruded metal.

The first action of

the rolls on the interior

of the pipe is to roll it

out to an even thick-

ness. The pipe, as re-

ceived from the mill,

FIG. 5.—SECTIONAL VIEW OF A 4-INCH EXPANDING TOOL

motion of the spindle causes a relative

rotation. This advances the tapered

mandrel and spreads the small rollers

until they engage with the pipe. The
operation of expanding now begins. It

is regulated by retarding the feed wheel
relatively to the revolving spindle as de-

sired. As the rotation is slow, this is

very conveniently done by hand. The
expanding mandrel can be withdrawn
in a similar manner by accelerating the

rotation of the feed wheel relatively to

the spindle.

It is found in practice that the opera-

tion of expanding by cold rolling cannot

be hurried to advantage. A rolling

speed of from 15 to 20 feet per minute

is all that is advisable. At a higher

speed than this the metal of the pipe

flakes off and appears to be abraded by
the rapid motion of the rolls. It seems
that the metal in the process of chang-

frequently has ridges and a notice-

able seam at the weld in the case of

welded pipes. But such irregularities

are soon rolled out under the action of

the rolls, -and the uniform extension of

the circumference begins. The thick-

ness of the pipe is thus reduced to some
extent, depending upon the amount of

rolling needed to make a complete fit in

the flange. Actual tests show that this

cold rolling strengthens the pipe per

unit of cross -section, so that the ex-

panded portion is left stronger than the

original section. ^f
9

After the expanding is completed the

rollers used for expanding are collapsed

by withdrawing the central mandrel by
which they were distended, and the head
of the machine is moved in further so

as to bring the flaring rollers into action.

These are distended by the same feed-

ing device that operate the expanding
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/CAST IRON

-ARRANGEMENT OF A COLD-FLOWED STEEL JOINT WHICH WAS TESTED UP TO 59OO LBS. PER
SQUARE INCH

mandrel. This action is clearly shown
in Fig. 5, which represents a sectional

view of a 4-inch tool.

The flaring is much more quickly-

done than the expanding. The rolls,

acting on the end of the pipe, cause it

to expand and flare out with an ease

and quickness that would astonish one
not accustomed to such work. It was
supposed at first that there would be a

tendency to split the ends of the pipes

in the process of flaring them out cold,

as described; but it is found in practice

that no such thing happens. The great-

est amount of work is expended on the

pipe in the process of expanding to fill

the flange, and this leaves it so perfectly

filled out at the end that the flaring may
be considered as merely a continuation

of the expanding, but confined only to

that portion of the pipe. This is borne
out by a consideration of the method of

operating the flaring rollers. They are

not forced into the pipe along its axis,

but are first inserted and then distended,

just as they would be for expanding.
The result is that the flared part of the
pipe is very readily forced out to fill the

flaring recess, and the continued rolling

extends the circumference so that it fits

just as tightly in the flaring recess'as

the rest of the pipe does inside the

FIG. 7.—HEADS FOR HOLDING PIPE AND FLANGE DURING EXPANDING PROCESS WITH LARGE SIZEa

5-5
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flange proper. After the flaring is com-
pleted, a facing-off tool is inserted in

the slot at the end of the expander tool.

This very quickly cuts off any fin or sur-

plus metal left by the flaring and leaves

it perfectly smooth and true and ready

to be jointed up in place.

Thus, the whole process of expanding
the pipe into the flange, flaring it over

and facing it off true is all performed in

one setting in the machine, and when
the job is done, nothing describes it ex-

cept the word " perfection." The in-

terior is smooth and even, the flaring is

uniform and neat, and the facing-off is

true with the surface of the flange. Al-

together, it is a remarkable achievement
in the art of joining flanges to pipes.

This is further emphasised by the re-

sults of hydraulic tests made to deter-

mine the pressure which these joints

would stand. Two short lengths of

pipe, as shown in Fig. 6, were expanded
into this special type of flange so that

the liquid under pressure had free access

to the ends of the pipe and hence had a

good chance to begin a leak. The tests

showed that a pressure of 5900 pounds
per square inch was required before the

pipe sprung away from the flange. The
failure then occurred by the shearing of

the ridges formed on the pipe where it

had filled in the recesses of the flange.

Such results show that, for all purposes
within a reasonable range, the cold-

flowed joint is absolutely secure and
water-tight. This applies to all steam
pressures used in the present era of

steam engineering and any subsequent
development that is likely to occur.

This type of expanded joint has a

wide range of application. It does all

that a threaded joint can do, and in

some cases it has a marked advantage,

which is most noticeable where the pipes

are exposed to corrosion. For instance,

in the ballast systems of modern ships,

both merchant and naval, the salt water
begins corrosion at the root of the thread

cut in the pipe. About 30 per cent, of

the pipe is cut away thus, so that the

life of the pipe is really shortened in

that proportion. This applies also to

exposed pipes ashore, in many instances

that will occur to the reader, such as
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FIG. 9.—SECTIONAL VIEW OF 20-INCH TOOL FOR EXPANDING AND FLARING, SHOWING INDEPENDENT
FEED FOR EXPANDING AND FLARING MANDRELS

acid water and drainage systems in

mines.

This type of joint is expanded by
hand after a fashion. It is done labor-

iously by peening out the interior of the

pipe as far as can be reached by a ham-
mer. But of course it cannot be
'

' cold flowed '

' in the same sense that

it is in the machine. The
two jobs compared show
up the hand work to great

disadvantage. It is rough
and uneven to the eye, and

FIG. TO.—STANDARD U. S. NAVY
JOINT UP TO 5% INCHES DI-

AMETER AND 300

STEAM PRESSURE

a test discloses the fact that the hand
work is not capable of uniting the pipe

and the flange in any way satisfactorily.

A number of the machines have been
installed in shops where the pipes are

required to be fitted in this manner, and
the difference in the quality and the

quantity of the work turned out is re-

markable. One man can do more on
the machine than ten could formerly ac-

complish by the hand process, even by
the most strenuous labour. In the tests

required of the pipe it is found that no
leak ever develops in the machine-made
joint, whereas the hand-made joint leaks

very frequently, and a second course of

peening and calking has to be resorted

to. These comparisons between hand
and machine work in expanding have
been applied particularly to iron and
steel pipes in this article. It will read-

ily be seen that they apply equally well

to copper or any other material, though
this is outside of the present discussion.

LARGE PIPES

Perhaps the most remarkable feature

of the cold-rolled joint is in its applica-

tion to the larger sized pipes. A ma-
chine is illustrated in Figs. 4 and 8

which expands pipes up to 26 inches in

diameter with the same ease that the

smaller machine will handle 2-inch di-

ameters. The principle used is exactly

the same. The tool is simply a larger
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size of the same type, though it has a
separate feeding device for feeding the

expanding and flaring mandrels which
enables each to be operated independ-
ently of the other. Fig. 8 is a sectional

view of a 20-inch tool. Many other

modifications and special features have
been designed to facilitate the operation

of such large and heavy pipes. The
flanges have to be handled by a crane,

and are held by a powerful clamping
head, which not only holds the face of

the flange true, but provides a backing
to reinforce the flange against the great

pressure to which it is subjected during
the process of rolling. This head is

shown in Fig. 7. This backing is very
necessary when it is considered how
great a force is required to roll out a

pipe 54 inch thick in such a manner as

of the machine. The head-stock 'is

operated very conveniently by hand or
by power through a system of friction

clutches connected with the motor. The

FIG. 12.—JOINT WITH DOVETAILED RECESSES

feed wheels for expanding and flaring

are also operated automatically by fric-

tion bands under the control of the oper-

ator. Altogether, it is a very complete
and powerful labour-saving ^machine
which is destined to work a revolution

-A SPECIAL JOINT

to fill out the recesses of the flange as

described.

The pipe, after being brought to the
machine by a crane, is pushed into the
flange by a hydraulic ram, which is part

in the method of connecting such large

pipes.

To those engaged in the manufacture
and installation of systems of large pip-

ing the commercial possibilities of the
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expanded joints will appeal strongly.

For effectiveness it stands second only

to a welded flange, while the cost is far

below that of any other known method.
No size of pipe is too large, for machines
may be designed to take in any diameter

that can be manufactured. In fact, it

would seem that the use of threads for

connecting the larger sizes of pipes and
flanges must shortly give way to this

new method of cold flowing the metal

of the pipe into the recesses of the

flange. The excellence of the method
for small pipe is very marked, although

for such pipes threaded joints serve very
well. On the larger pipes, however,
say, 10 inches and over, the threading

is expensive and the tightness is doubt-

ful. For work over 16 inches it is

necessary to do such threading in a

lathe, and leaks are frequent even with

moderate pressures. With the new

method of cold flowing the work can be
done at a greatly reduced cost, as com-
pared to that of lathe work, and the

nature of the joint is such that a
leak is simply impossible, for the

flange becomes an integral part of the

pipe.

The sectional views of the types of

joint possible under this method, and
the other views of the work actually

done, show to what an extent this art

has been developed, and will suggest to

engineers its great possibilities for the

future.

The makers of the machinery here
described are Messrs. Dienelt & Eisen-

hardt, Inc., of Philadelphia, while the

Scully Steel & Iron Company, of Chi-

cago, are the selling agents. The In-

ternational Engineering Company, of

Philadelphia, control the business in

other countries.

THE DESTRUCTION OF NIAGARA FALLS

By Alton D. Adams

NIAGARA FALLS are doomed.
Children already born may yet

walk dry-shod from the main
land of the New York State Reserva-
tion to Goat Island, across the present

bed of the Niagara River. Certain

economic, industrial and political forces

are working strongly toward this re-

sult, and their course can be stayed only
by the strong hand of the government.

In order to appreciate the nature and
extent of these forces a general view of

the geographical situation of the great

cataract is desirable. Niagara River is

the only natural outlet of the chain of

four great lakes that discharge through
it. Lakes Superior, Huron, Erie and
Ontario lie between the United States

and • Canada, and the chain of lakes

borders on eight of the American States.

These States stretch from the Atlantic

Ocean to the Mississippi River, and the

beds of streams in some of them are from

one hundred to several hundred feet

below the water levels of the higher

lakes. In Canada, Lake Huron and
Lake Erie are so near to Lake Ontario

that the development of great water

powers by the construction of canals be-

tween either of the two former and the

latter is practicable. Lake Superior

has a surface elevation 601 feet above

sea-level, and discharges into Lake
Huron with a fall of about 20 feet.

Lake Michigan also discharges into

Lake Huron, though with only a slight

fall, and the water from all three of

these lakes then goes to Lake Erie,

where the mean surface elevation is 573
feet above tide water. A great differ-

ence in levels is the next feature, for the

Niagara River, in crossing the strip of

land, about twenty-seven miles wide,

separating Lake Erie from Lake On-
tario, drops 327 feet. At one point in

its course it makes a perpendicular de-
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scent of 161 feet, and thus forms Ni-

agara Falls, which the development of

water power in both the United States

and Canada is tending to destroy.

The falls owe their beauty and grand-
eur mainly to their great volume of water
rather than to extraordinary height.

Inasmuch as any diversion of the water

of the Great Lakes reduces by just so

much the amount that goes over the

cataract, it matters little as to this re-

sult, whether water is taken from the

lakes at Chicago or whether it is diverted

from Niagara River near the upper
rapids and then discharged into the

gorge below the falls by means of canals,

pipe lines or tunnels. Either process

will dry up the falls if it be allowed to

progress sufficiently far.

The possibilities of electrical trans-

mission of energy have given great im-
petus to the development of water pow-
ers, and the many centres of population

that may be reached by electric lines

from the Great Lakes are a constant

temptation to utilise their resources.

The greatest menace to Niagara Falls

is the construction and operation of

nearby power plants on either side of

the river. At present two such plants

are operating on the New York side,

and the construction of three more on
the Ontario side is well advanced; be-

sides these, a smaller plant is already

at work there. Each of these plants

diverts water within i){ miles above,
and discharges it a little below Niagara
Falls. In view of the relatively small

expense at which water power can be
developed by plants located as these

are, it seems probable that strong efforts

will be made to increase indefinitely

their number and capacity as the years

roll on. These efforts must be resisted

if Niagara Falls are to be saved.

Popular ideas as to a practically un-
limited supply of water at Niagara
Falls, based on the area of the Great
Lakes and the width of the upper river,

are incorrect. Great as is the area of

the lakes, it is only their discharge of

water that maintains the falls and is

available for the development of power.
When standing on the bank of Niagara
River a mile or more above the falls,

where the river is from six to seven
thousand feet wide, one is impressed by
the apparently inexhaustible volume of

water; a trip of several miles down
stream to the Whirlpool Rapids, how-
ever, where the width of the river

shrinks to only 300 feet, does much to

change this impression. Of course, the

explanation of this differnce is that in

the upper river the current is compara-
tively slow, while in the gorge it is very
rapid.

According to the measurements of the

United States engineers in the years

1899 and 1900, the normal discharge

of the Niagara River for mean level in

Lake Erie is 222,000 cubic feet per sec-

ond, but this sinks at times to as little

as 1 65 , 340 cubic feet per second. Great
as is this amount, it is not beyond the

capacity of water power developments
like those now in progress about Niagara
Falls to seriously diminish or even dry
up the cataract. On a clear day, when
the rising mist is blown up stream, a

person near the centre of the new sus-

pension bridge over the Niagara River,

or at Inspiration Point, on the Canadian
side, can readily see the American and
Horse Shoe Falls. The former, with

its straight crest and silvery curtain, is

the fall of beauty; but the latter, with

its great mass of dark-green water,

seemingly rushing to the central point,

its hidden foot, its loud explosion, and
its fountain of spray, rising like white

smoke high above all, is the fall of

grandeur. Walk out on the rocks at

the upper end of Goat Island where the

water just up stream seems ever threat-

ening to rush upon and wash away the

adventurer, and the reasons for the dif-

ferences between the falls below are

evident.

On the right, toward the Canadian
shore, are three-quarters of a mile of river

with that dark, unbroken surface that

indicates deep water. To the left, be-

tween the island and the New York
bank, there is a channel only 400 feet

wide whose rugged bottom raises the

first line of breakers and carries all of

the water that passes over the American
Fall. How little of the river discharge

passes on the New York side and how
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much on the Ontario side of Goat Island,

perhaps no one can tell, though the

former is estimated as low as 10 per
cent, of the total; but certain it is that

the American Fall now receives a com-
paratively small percentage of Niagara
River water.

The international boundary, as de-

fined by the treaty of Ghent, lies a full

quarter of a mile toward the Ontario
bank from the upper end of Goat Island,

and yet it is estimated that at least

three-fourths of the river discharge

pass over the Canadian bed of the

stream. It is reported that, in past

years, when strong east winds have
lowered the level of Lake Erie at Buf-

falo, the discharge of Niagara River
has been so reduced that the channel

between Goat Island and the New York
bank has been dried up, and the Amer-
ican Fall has disappeared for hours at

a time.

From these conditions it is evident

that any large decrease in the discharge

of Niagara River, either by diversion

of water from the Great Lakes to the

Mississippi River or to other rivers, or

the creation of other channels for the

flow from Lake Erie to Lake Ontario,

or the construction of canals, pipe lines

or tunnels between the upper river and
the gorge below, must have a much
greater tendency to destroy the Ameri-
can than the Canadian Fall.

It may be suggested, however, that

the quantity of water already diverted,

or likely to be diverted, from the Great
Lakes or from Niagara River, is too

small to make any notable change in

the volume of water at either the Cana-
dian or the American Cataract. This
matter may be determined by compar-
ing the volume of water already di-

verted, or likely to be diverted, with

the total discharge of the river.

On the New York side of Niagara
Falls the discharge tunnel of two of the

power plants is said to have a capacity

of 8600 cubic feet of water per second,

and the open canal of the third plant

has a capacity of 7700 cubic feet during
the same time.

Across the river, in Queen Victoria

Park, the hydraulic plants now under

construction will divert as much as 32,-

100 cubic feet of water per second from
Niagara River above the falls when they

are in operation at full load. This esti-

mate allows 12,000 cubic feet per second
for one of these plants, 11,200 cubic

feet per second for another, and 8900
cubic feet per second for the third plant.

In the same park the power house of an
electric railway and the pumping plant

for town water are estimated to draw as

much as 400 cubic feet per second from

the river. The total capacity of the

power plants, either operating or under

construction on both sides of the falls,

is thus about 48,800 cubic feet of water

per second. As the minimum discharge

of the river is 165,000 cubic feet per

second, the power plants just named
will divert over 29 per cent, of this flow

when operating at full load.

But this is not the only drain on the

water supply of the upper Niagara

River. A few miles west of Buffalo the

Welland Canal turns toward the Cana-

dian shore of Lake Erie and runs about

thirty miles to Lake Ontario, with a

drop of about 327 feet. As all the

water traffic between Lake Erie and the

St. Lawrence River passes through this

canal, its consumption of water for pur-

poses of navigation alone must be con-

siderable, but in addition to this a rather

large amount is used for the develop-

ment of power. Some of this power is

used in factories along the line of the

canal, but one large electric system with

its generating station near St. Catharines

is operated also with water from the

canal. In this power house, which has

only recently been completed, the wheels

will pass about 1400 cubic feet of water

per second when operating under full

load.

If the new barge canal follows the line

of the present Erie Canal from Buffalo

to Savannah, a distance of 138.6 miles,

this length of the new canal will be

supplied with water from Lake Erie,

as the corresponding length of the

old canal is now, and it is estimated

that the amount of water required for

this purpose will reach 1237 cubic feet

per second. The Chicago drainage

canal is said to require as much as
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6000 cubic feet of water per second.

Under the so-called Love charter from
the State of New York, work has been
started on a canal that is to run from
La Salle to the Devil's Hole, in the

gorge below the Whirlpool Rapids;
this canal will develop 150,000 horse-

power. As the total head of water

available between these points is about

300 feet, the quantity of water necessary

to develop 150,000 horse-power of elec-

tricity will reach 7400 cubic feet of

water per second. It is also under-

stood that the company now operating

with one tunnel at Niagara Falls has the

right to construct and use a second tun-

nel similar to the one now in operation,

so that the two together will give a dis-

charge capacity of 17,200 cubic feet per

second.

From the foregoing it appears that

the total diversion of water from the

Great Lakes above Niagara Falls, for

navigation, drainage and power pur-

poses, will reach as much as 67,400
cubic leet per second when all of the

works now operating, or under con-

struction, are carried out to their full,

authorized capacity. Even this volume
of water, which is 41 per cent, of the

minimum discharge rate of Niagara
River, does not include the water taken
by the Welland Canal for purposes of

navigation and for the development of

power by local manufacturing plants

along its banks.

In 1899, when the minimum rate of

165,340 cubic feet per second was re-

corded for Niagara River by the United
States engineers, the capacity of canals

and power plants was probably not suf-

ficient to divert from the river and lakes

above the falls more than 10,000 cubic

feet per second, instead of the 67,400
cubic feet of water previously mentioned.
It is evident, therefore, that the com-
pletion and operation of works now un-
der way must reduce the discharge of

Niagara River over the falls by nearly

60,000 cubic feet per second, or about

36 per cent, of the minimum discharge.

Whether the channel between Goat
Island and the New York bank of the

river carries 10 or 25 per cent, of the

total discharge, it cannot be doubted

that the further diversion of nearly 60,-

000 cubic feet per second from the up-

per river and lakes will very materially

reduce the flow over the American Fall.

The diversion of this great volume of

water, even at the expense of some of

the scenic attractions of the falls, is no
doubt warranted by the great economic
and industrial advantages that result

from cheap power. It does not neces-

sarily follow, however, that this process

of water diversion should be extended
until the values of existing power plants

are depreciated by lack of water, the

American Fall is dried up, and the

Horse Shoe Falls are robbed of most of

their grandeur.

Yet this is the tendency of the indus-

trial and political forces now at work.
Private enterprise cannot be expected

to stay its progress so long as there is

a profit to be made by the diversion of

Niagara water, and legislatures continue

to give away franchises or peddle them
out for trifling considerations.

For those who wish to see a fair share

of the beauty and grandeur of Niagara
Falls preserved, and even for those who
wish to protect the great investments

that have been and are being made there

for power development, the unfortunate

feature of the situation is that several

of the immediately adjoining states

have power to authorise the diversion

of water from the upper lakes and Ni-

agara River. The diversion of this

water thus becomes a matter of com-
petition, not only between persons seek-

ing their own profits, but also between
different governments that wish to build

up their respective territories or increase

their revenues. Further complication

arises from the fact that the American
states have no power, under the Con-
stitution, to enter individually into any
treaty for the preservation of Niagara
Falls, or for the regulation of the diver-

sion of water from the upper river or

the Great Lakes, because the treaty-

making power is vested entirely in the

Federal Government.
That the competition of legislatures

to develop power with Niagara River is

a very active force may be gathered

from the fact that within recent years at
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least six companies have been granted

franchises by the State of New York to

divert water from the river, and that the

government of Ontario has authorised

the diversion of as much as 33,000 cubic

feet of water per second from the upper
river within four years. More than this,

the Ontario authorities have employed
an expert hydraulic engineer to investi-

gate the possibility of locating more
power plants that will take water from
the upper river, and he has reported

that an additional 30,000 cubic feet per

second can easily be diverted at and
near Queen Victoria Park.

Other territory besides that of New
York and Ontario offers opportunities

for the development of power with water

from the Great Lakes. The Illinois

River at Joliet, only about 25 miles

from Lake Michigan, has a surface ele-

vation of 531 feet, and after flowing 325
miles across the State of Illinois, drops

to 405 feet at its mouth in the Mississippi

River. It is thus possible, by diverting

water from Lake Michigan and dis-

charging it into the upper bed of the

Illinois or Des Plaines River, to develop

a great local power, and also to increase

any water power that may be developed
along this river in its course across the

State. A large diversion of lake water

has already been made by the Chicago
drainage canal in the way just indicated,

and the power station near Joliet is to

have a main equipment of 24,000 horse-

power. If franchises can be obtained

from the Legislature of Illinois, there

seems to be no good reason to prevent

further diversions of lake water and the

development of other great powers on
the river named.

In Indiana, the Kankakee River, a

branch of the Illinois River, lies only

thirty miles south of Lake Michigan,
and much power could be developed by
diverting water from the lake and dis-

charging it into this stream. With
Lake Erie on the north, the Ohio River
on the South, and numerous rivers

crossing the State between them, Ohio
would offer an attractive field for the

development of power from lake water,

were it not for the fact that a ridge of

land, several hundred feet above the

level of Lake Erie, crosses the State

from east to west.

The part of Pennsylvania that borders

on Lake Erie is so elevated that there

seems to be no opportunity to divert its

waters through that State. At numer-
ous points along the seventeen miles of

river front between Niagara Falls and
the foot of Lake Erie, however, canals

and pipe lines might be led off to the

Niagara escarpment where the land sur-

face drops nearly to the level of Lake
Ontario; in this way water heads of

about 300 feet might be obtained.

In Canada abundant opportunity ex-

ists for the development of great water

powers by means of canals running from
lake to lake. Georgian Bay, an arm of

Lake Huron, lies at Toronto, within

sixty miles of Lake Ontario, and even
this distance might be reduced by a

course through Lake Simcoe.
The surface of Georgian Bay has an

elevation of 582 feet above tide water,

or 336 feet above that of Lake Ontario.

A canal from this bay to the lower lake

would not only shorten the water route

between Chicago and Duluth on the

west and Montreal on the east by sev-

eral hundred miles, but could be made
to develop a water power limited only

by the discharge of the three upper
lakes,—Superior, Michigan and Huron.
The strip of Canadian territory, about

forty miles long and twenty-seven miles

wide, between Lake Erie and Lake
Ontario, might be crossed by any de-

sired number of canals, substantially

parallel with the Welland Canal and
Niagara River, to utilise for power pur-

poses the water head of 327 feet between
these lakes. Even the Welland Canal

may in the future be used to draw a

far greater volume of water from Lake
Erie for power purposes than it does at

present.

From a consideration of the foregoing

facts, it seems evident that the diversion

of water from the upper lakes and
Niagara River will be continued until

the destruction of the American Fall,

and possibly that of the Canadian Fall,

result. Apparently the only hope lies

in the intervention of the sovereign

powers concerned.



THE MODERN HORIZONTAL STEAM ENGINE

AS EXEMPLIFIED IN BRITISH PRACTICE

By Leo H. Jackson

A
VERY
marked
advance

in the character

of British - built

horizontal steam
engines has been
discernible dur-

ing recent years,

and a review of

the productions

of some of the

more prominent
manufacturers

will, it is believed, show practically uni-

form excellence of design. In almost

every department of British engineering

industry a similar movement is observa-

ble, as, for example, the typical express

locomotive of to-day, as compared with

the engines used for similar purposes
ten years ago.

As an inspection of British steam en-

gines will show, the demand for electric

traction engines has resulted in effecting

almost a revolution in the types of prime
movers for actual station work. We
find bigger, stronger, and heavier frames,

adapted to withstand stresses and shocks
previously unknown; very greatly in-

creased wearing surfaces; the use of

steam of far higher pressures, often with

superheating; piston speeds beyond all

precedent, and generally an all-round

striving after the highest efficiency.

And it is well that it is so. America,
Germany, Switzerland and France are

fully up to date in their methods, and it

behooves British builders to see that

they are not behind them, even though
handicapped by the inability of their

workmen to grasp the fact that they are

running a neck and- neck race with for-

eign producers.

418

With a view of taking stock, as it

were, of the current types of British

stationary steam engines, I shall give in

the following pages illustrated descrip-

tions of various designs regularly manu-
factured as standard types by leading

British makers. To these I am greatly

indebted for their ready response in the

shape of photographs, drawings, speci-

fications and information in general.

It is undoubtedly in the fixed or

structural parts of the engine that the

greatest advance has been made. The
old-fashioned flat bedplate is as extinct

for power purposes as the beam engine,

and its successor, the tubular trunk bed,

originally supported only by a foot un-

der the main bearing and another under

the cylinder, has been so strengthened

and reinforced in various ways that it

retains but little resemblance to its

former self.

The essential element in an engine

frame is rigidity. It is not sufficient

that the metal should be disposed in a

straight line between the cylinder and
the bearing and carried by the feet at

some distance above the foundation.

The momentum of heavy reciprocating

parts, rushing back and forth at six or

seven hundred feet per minute, and the

sudden shocks occasioned by the in-

stantaneous throwing on and off of full

load, as in direct-coupled generators,

have demonstrated that the frame itself

must have in it the element of weight,

that it must lie low, and that it must
also be in solid contact with the masonry
foundation for very nearly its entire

length. In being thus rigidly united to

the massive stone and concrete founda-

tion by numerous holding-down bolts

passing through to the bottom of the

masonry, the whole structure is solidly
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FIG. 3.—INTERIOR OF THE FORMBY POWER HOUSE OF THE LIVERPOOL & SOUTHPORT ELECTRIC
RAILWAY, SHOWING CROSS-COMPOUND ENGINES BUILT BY MESSRS. YATES & THOM,

BLACKBURN, LANCASHIRE

bound into one mass, deep and strong

and heavy enough to absorb all the

shocks and jars incidental to the heav-

iest duty which can be imposed upon a

steam engine, such as rolling mill or

electric traction work. It will be un-

derstood, however, that reference is here

made to the necessities imposed by
severe conditions of stress, for it by no
means follows that engines intended for

the more peaceful pursuits of ordinary

factory driving purposes should embody
the massive proportions just described.

Many firms, indeed, make a point of

specially adapting their engines to the

work actually required of them, and the

factory owner may go in full confidence

to makers of railway or tramway gen-
erating sets, knowing that in the light

of their experience a .suitably designed

engine will be furnished him. Examples
of both these classes of engines were
sent to the writer by a number of firms,

in response to his request for repre-

sentative types of each.

In every horizontal engine a wide and
deep gap, forming the jaws for the re-

ception of the main bearing, breaks the

continuity of the frame. The import-

ance of strength at this point is fully

recognised, not only in the proportions

of the massive '

' cap
'

' which spans and
embraces the jaws, but by the great

spread of the base, which in large en-

gines reaches several feet beyond the

centre line of the shaft, the vertical part

of the frame extending in a long slope

downwards from the cap to the extremity

of the flat base. Ample support is thus
secured for the heavy weights, and the

fore-and-aft stresses for which provision

must be made. The strength and
weight of the cap is, in fact, out of all

proportion if its uses were simply con-

fined to keeping the brasses together.

Its principal function, however, is to keep
the joints together. Indeed, so important

is the need of making good the gaps in

the frames that main bearing caps of cast

or forged steel are coming into use.
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The tubular trunk guide, which forms
the connection between the bed proper
and the cylinder, is usually of Csection,
but sometimes both sides are open for

convenience of access to the crosshead.

In the latter case, when the engine runs
continuously in the

'

' outwards
'

' direc-

tion, it is good practice to support the

trunk at the centre of its length by a
foot, bolted to the foundation, while for

the heavier work this foot extends the

whole length of the trunk. In a wind-
ing engine, or in other engines where
the crosshead pressure is alternately up-
wards and downwards, the upper and
lower guides must each be strengthened

by a deep and heavy rib, care being
taken that the minimum cross-section

of metal in the trunk is adequate to re-

sist the longitudinal stresses. The
guide surfaces are invariably cylindrical,

and their diametrical distance apart is

governed by the ratio of connecting-rod

to crank. In the best modern engines

the end flange of the trunk does not
make a steam-joint with the cylinder, a

separate cover being either inserted be-

tween trunk and cylinder, or, in large

sizes, fitted within the trunk, an internal

flange being cast in the cylinder end for

that purpose. Structurally speaking,

the cylinder forms a continuation of the

trunk, supported either by a foot under
its whole length, or, in the case of cyl-

inders fitted with Corliss valves, by a

foot under each end.

So much for the frame. Let us now
turn our attention to a matter on which
there is not such a consensus of opinion,

—the methods of admitting steam to,

and exhausting it from, the cylinder.

Virtually, the choice lies between two
systems, the semi-rotating or Corliss

valve, and the lifting or drop valve.

The ordinary slide valve is out of the

question for engines making any pre-

tensions to high efficiency, for reasons

which we need not discuss here.

The merest glance through the illus-

trations in this article will reveal the

curious fact that locality exercises an
important influence upon the choice of

valve gear. In the north of England
the Corliss type is strictly adhered to,

with many variations in its manner of

movement and release, while in the east-

ern counties of Lincolnshire and Essex
there is a decided preference for the
more modern system of drop-valves in

the highest classes of engines. All of

them, however, I believe, are prepared
to supply the Corliss engine when re-

quired.

There is much to be said in favour of

the semi-rotating slide valve, for that is

what the Corliss valve really is ; its wide
and sustained opening of the port, its

FIG. 4.—ELEVATION AND PLAN OF LONG-STROKE
AIR PUMP MADE BY MESSRS. POLLIT &

WIGZELL, LTD.

lightning rapidity of cut-off, the abso-

lute simplicity of the valve itself, its

large wearing surfaces, its compactness,

and its small clearance spaces,—all these

have for fifty years and more popularised

it in every part of the world where steam

engines are made or used. But it no
longer holds undisputed possession of

the field. On the Continent of Europe
the drop valve has completely ousted it,

and in British practice the use of this is

rapidly extending. Sliding surfaces are

not well adapted for use with superheated

steam, but the latter appears to have
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little effect upon the narrow surfaces of

the double-seated, conical drop valve.

This is probably the prevailing cause for

the preference now given to the latter

system, although there are other rea-

sons. For example, there is the strik-

ing simplicity and comparative silence

of the lifting and releasing motions, as

compared with the mechanism of the

Corliss valve. The possibilities in the

way of reducing the wasteful effects of

clearance by skillful designing in the

drop-valve system have hardly yet been
reached, but already it has outclassed

the Corliss in this respect.

It is in these two particulars, the frame

or bed of the engine and the steam dis-

tributing mechanism, that the progress

of the last few years is most apparent.

For the rest, it seems that a careful ex-

amination of the various types here illus-

trated will show what a striking amount
of care and thought has been expended
in all details tending to ensure the run-

ning of the engines for long periods

without a stop. Of these details may
be mentioned the continuous lubrication

automatically supplied to the more im-

portant working parts, by circulating a

certain quantity of oil through the bear-

ings by reciprocating or rotary pumps;
also the general use of metallic packing
for piston rods and valve spindles.

In Fig. 3 is shown the power plant

in the Formby generating station of the

Liverpool & Southport Electric Rail-

way. Here may be seen four sets of

engines built by Messrs. Yates & Thorn,

of Blackburn, Lancashire. These are

cross-compound Corliss engines direct

connected to 1500 KW generators mak-
ing 75 revolutions per minute. The
cylinders are 32 and 64 inches in diame-

ter, with a stroke of 54 inches. Each
engine is capable of giving out nearly

2900 horse-power continuously if re-

quired, the normal output being 2310
horse-power. The cylinders are built

up, with separate ends containing the

valve boxes for the double-ported Corliss

valves. The trunk beds are so arranged

that they bear continuously upon the

foundation, and are separate from, but

securely attached to, the main bearings.

The pistons are of cast iron, fitted with

5-6

Ramsbottom rings, the low-pressure
piston being banded with white metal to

reduce the wear and friction to a min-
imum. The weight of the pistons is

largely carried by the crossheads and
tail-rod guides.

Each engine is fitted with two Ed-
wards air pumps driven from the low-
pressure tail- rod, working a jet con-
denser with diverting valve, so that the
exhaust can be instantly turned direct

to atmosphere when desired. A com-
plete service of continuous lubrication

is provided, and every care which ex-

perience can suggest has been taken to

ensure uninterrupted running for long
periods.

It is worthy of note that the whole of

this plant, together with sixteen Lan-
cashire boilers, each 8 feet 6 inches in

diameter and 32 feet long, were designed,

built and erected within twelve months
by Messrs. Yates & Thorn,—a very
convincing proof of the capabilities of

this enterprising firm.

Messrs. Yates & Thorn were also the

builders of the remarkably fine horizon-

tal, triple-expansion engine shown in

Fig. 1. In this there are four cylinders,

arranged in double tandem order. The
high-pressure cylinder is 23 inches in

diameter, the intermediate cylinder is

34 inches in diameter, and the two low-

pressure cylinders are each 42^ inches

in diameter, the stroke being 66 inches.

The boiler pressure is 180 pounds, and
the economical load is 1700 I. H. P.,

although upwards of 2000 I. H. P. is

easily obtained. The high and inter-

mediate cylinders are steam-jacketed,

and there is a reheating receiver fitted

between them. It will be noticed that

the cylinders are very handsomely fin-

ished off by planished steel lagging with

polished corners and mouldings, and
that the whole engine bears the unmis-
takable stamp of good design and con-

struction.

The engine frames are of the cylindri-

cal trunk pattern, the material being so

disposed that all the stresses are taken

up within the bed itself independently

of the foundations, which, nevertheless,

are of the most massive character. The
two low-pressure cylinders are directly
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connected to the trunk frames by steel

tie rods passing on each side of the

smaller cylinders in front of them,

thereby relieving the latter of all the

low pressure stresses, and permitting

independent and free expansion and
contraction in both pairs.

The bearing surfaces in the shaft,

crank-pins and piston-rod guides are

designed throughout on the most liberal

scale, and, as forced lubrication is

adopted, it may be taken for granted
that the wear of these important work-
ing parts will be inappreciable for many
years to come. The vertical air pumps,
situated behind the low-pressure cyl-

is no wrist-plate, the exhaust valves
being worked directly from a continuous
line of eccentric rods. The admission
valves are actuated and tripped through
the medium of a long cast iron slipper

moved by the eccentric rod and carry-

ing the trip motion with it until released

by the action of the governor.

A very important detail of this engine
is the " knock- off appliance "

; this be-

comes active and stops the engine in the

event of any accident occurring to the

governor, which might cause it to lose

control of the engine.

This engine represents the standard

practice of Messrs. Yates & Thorn, and

-TANDEM COMPOUND STAMP MILL ENGINE BUILT BY MESSRS. COLE, MARCHENT & MORLEY,
LTD., BRADFORD, YORKSHIRE

inders, are worked by bell crank levers

from the tail- rods, the air pump rod
having a crosshead and guides with side

connecting-rods leading downwards to

the bell cranks. By this means the

pumps are brought nearly up to floor

level while retaining the advantages of

long connecting links.

All the valves controlling the engine

are brought together, and in cases of

emergency or accident the engine can
be stopped from any part of the mill.

The governor is of the Porter pattern,

and is very quick and sensitive in action.

The valve gear is of the improved
'

' Dobson '

' type, and actuates Corliss

valves. It will be observed that there

is a very fine example of the highest

class of Lancashire engine builders'

work.
Messrs. Pollit & Wigzell, Ltd., of

Sowerby Bridge, Yorkshire, are the

makers of the two 1000 horse-power,

cross - compound horizontal engines

shown in Fig. 2. This illustration

shows the interior of the power house
for one section of the Southampton
Corporation Tramways.
The frames of these engines are an

interestng departure from the almost

universal trunk-bed style, being some-
what on the lines of the familaf gas-

engine bed, with the addition of a pair

of flat planed slides on which the cross-
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head blocks work. The strength and
solidity of the design is noticeable, par-

ticularly in the shape of the casting on
each side of the main bearing, the jaws

being obviously strong enough to dis-

pense with the usual overhanging cap
spanning the plummer block and acting

as a tie. The cylinders, which are

fitted with Messrs. Pollit & Wigzell's

trip gear of the Corliss valves, are 19
and 39 inches in diameter, with a stroke

of 42 inches. The fly-wheels are each

14 feet in diameter, weigh 20 tons, and
make 100 revolutions per minute. The
steam pressure is 180 pounds per square
inch, superheated, and all the piston

rods and Corliss valve spindles are,

therefore, fitted with metallic packing.

The engine nearest the spectator is

provided with the Whitehead governor,

and the further one with the Hartnell

governor, with a view of testing one
against the other under identical work-
ing conditions.

The single-acting air pumps with

which these engines are fitted were illus-

trated in Cassier's Magazine for No-
vember, 1904; but it may here be well

to briefly describe this very successful

arrangement, which is shown in Fig. 4.

Its special peculiarity consists in there

being no inlet valves. During the

greater part of the outstroke the bucket
creates a vacuum in the barrel, into

which, the moment the diagonal inlet

slots are uncovered by the passage of

the bucket, rush the condensed water

and its accompanying air, which are re-

jected upon the return stroke. In the

engines just described the bucket travels

700 feet per minute, and yet the con-

denser works without noise or shock.

Engines of the design illustrated in

Fig. 2 are made by Messrs. Pollit &
Wigzell in sizes from 100 to 2000 indi-

cated horse-power. They have just

supplied to the Halifax Corporation for

tramway purposes two similar engines

of 1600 I. H. P. each.

In Fig. 5 is also shown a 700 I. H. P.

tandem mill engine built by the same
firm. The low-pressure cylinder is

mounted near to the crank and the
high-pressure cylinder behind, with
central piston rod. Both cylinders are

fitted with patent trip gear to the Corliss

valves, the high-pressure gear being
controlled by the Whitehead governor,
and the low-pressure gear regulated by
hand. The diameters of the cylinders

are 17 inches and 34 inches, with a
5-foot stroke. The fly-wheel is 20 feet

in diameter, and is grooved for eighteen

i^j-inch ropes; it runs at 70 revolutions

per minute, and weighs nearly 25 tons.

The steam pressure is 160 pounds per

square inch. All the stuffing-boxes,

both for piston rods and Corliss valve

spindles, are supplied with metallic

packings, and the engine is fitted

throughout with continuous lubrication,

so that no stoppage from one week's
end to another is necessary. The air

pump is of the vertical, single-acting

type placed beneath the engine bed,

and is actuated through bell crank levers

from the main crosshead. Messrs.

Pollit & Wigzell state that they have
made many such engines of all sizes up
to 1050 I. H. P.

The 1000 I. H. P. tandem compound
engine shown in Figs. 7 and 8 was built

by Messrs. Cole, Marchent & Morley,

Ltd., of Bradford, Yorkshire, to the

order of the Witwatersrand Deep Min-
ing Company, in South Africa, for driv-

ing a stamp mill continuously day and
night. The cylinders are 21 and 42
inches in diameter, and have a 60-inch

stroke. The fly-wheel is 22 feet in di-

ameter, makes 65 revolutions per min-

ute, and is grooved for twelve 2-inch

ropes, although the power is actually

taken off through a line shaft directly

coupled to the crankshaft of the engine.

This arrangement for duplicate methods
of driving is to enable the engine to oc-

casionally take the place of an adjacent

engine by putting on the driving ropes,

which are always kept in readiness.

An independent surface condensing

plant, not shown in the illustrations, but

also made by Messrs. Cole, Marchent
& Morley, is used in connection with

this engine. It should also be men-
tioned that a double-cylinder barring

engine is installed for turning the main
engine when out of steam, or when put-

ting on the driving ropes. Thus it will

be seen that the installation is a very
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complete one. The normal load is 855
I. H. P., with a maximum of 1000
I. H. P. when condensing. The work-
ing pressure is 140 pounds. The steam
is moderately superheated.

From Figs. 7 and 8 both sides of the

engine may be seen and a fair idea ob-

tained of its construction and details.

The frame is of the trunk type, well

supported by feet at both ends of the

guides. The cylinders have the Corliss

valve seats cast in one with them; this

is done to avoid steam joints at the cyl-

inder ends, as well as for ease of ex-

amination and good drainage. To ob-

viate unequal expansion in the metal

of the cylinders owing to the super-

heated steam, the cylinders are, as far

as possible, plain cylindrical castings,

with the steam and exhaust connections

made separately and bolted on.

Turning to the details of the engine,

the Corliss valve gear is of Messrs. Cole,

Marchent & Morley's improved Spen-
cer-Inglis pattern, controlled by a Hart-

nell governor. All the rods, from the

main connecting-rod to the valve gear
links, are of the solid-end type, with

wedge and screw adjustments. The
engine is fitted throughout with auto-

matic lubricating arrangements, there

being a continuous flow and return of

oil through the principal bearings, and
positive mechanical oil-feeds are fitted

to the cylinders so that under ordinary

circumstances the engine will run for

weeks at a time without stoppage.

Messrs. John Fowler & Co., Ltd., of

Leeds, are, perhaps, best known as man-
ufacturers of winding and hauling en-

gines, including all sizes up to the very
largest. Nevertheless, they make also

Corliss cross-compound and tandem
mill engines up to any size required,

and in Fig. 6 is shown one of the latter

class of their standard construction,

fitted with a surface condenser worked
by a rocking arm from the tail-rod.

The engine drives, as shown, through
helical open gearing, and, while calling

for no special remarks, is a thoroughly

good example of what may be called the

Yorkshire type of mill engine.

Before taking leave of north country

steam engine practice, the firm of Wood
Brothers, at Sowerby Bridge, York-
shire, must not be overlooked, as they

have for years made a specialty of

Corliss engines in sizes up to 3000
horse-power, and have made many im-

provements in the cylinders and valve

gear which ensure the best economy and
reliability in working. Fig. 9 illustrates

the general design of one of their pro-

ducts.

One special feature in Messrs. Wood's
trip gear for Corliss engines is that, all

the working blocks are capable of being

reversed, thus giving a double life to

the parts usually subject to the greatest

amount of wear. Messrs. Wood have
constructed some of the largest mill en-

gines in use, and have a reputation

for first-class workmanship and the

highest economy in the production of

power.

To be concluded in the April Number
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No one is surprised nowadays to come
across a story with which he has been
familiar time out of mind,—disguised

or varied more or less the story may
be, but still recognisable. Matters of

scientific interest are not excepted in

this regard, but the stories in this case

usually concern a device or formula re-

invented or rediscovered; or they ac-

credit the discovery or device to another
than the real inventor. A story of this

kind that is now going the rounds re-

lates to a so-called new poison, many
times more powerful than prussic acid,

which has been discovered by an Eng-
lish chemist, who has named it cyanide
of cacodyl. This is a white powder
which, when exposed to the air, gives

forth a slight vapour, the inhalation of

which means instant death. A com-
bination of potassium acetate with white
arsenic, producing a fuming liquid called

cacodyl, was made a number of years

ago by a French chemist, and this, so

the item states, the English chemist has
further combined with cyanogen, a radi-

cal of prussic acid, producing the deadly
substance named, the most potent so
far in the records of chemistry. For
the sake of accuracy, it may be noted
that the liquid referred to was formerly
called " the fuming liquid of Cadet,"
and was discovered by him some time

in the eighteenth century. Bunsen's

researches before the middle of the nine-

teenth century showed that this was the

oxide of a peculiar complex radical

which he named " kakodyle." Fur-

ther, the cyanide of kakodyle is de-

scribed in most of the old text-books on
chemistry, and reference may, for in-

stance, be found to it in Silliman's

Chemistry, 1848, in whch it is stated to

be " fearfully poisonous." So much
for this new poison.

Another instance of this type of

story, now current in the news and
technical press, is one which gives to

Lord Kelvin the credit of being the

original inventor of the mirror gal-

vanometer, the instrument which he
adapted so cleverly and beautifully to

the operation of the first Atlantic cables.

Lord Kelvin' s fame is so well established

that it stands in no need of that which
belongs to others. The story goes that

one day while Lord Kelvin, then Pro-

fessor Thomson, was experimenting, his

eye-glass fell off and swung in front of

the magnet, reflecting its movement,
and instantly the idea of the mirror gal-

vanometer suggested itself. " Thus,"
adds the narrator,

'

' a monocle may be

431
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credited with a direct effect on modern
science." It is a pity to spoil so inter-

esting a story, and more especially to

deprive the monocle of the honour of this

beneficent effect on modern science, but
the fact is that Gauss and Weber, in

1833, in the operation of their electric

telegraph system, used the reflections

from a mirror attached to a magnet by
which to read arriving signals; while

Weber's reflecting galvanometer em-
ployed the same principle at a time
when young William Thomson was
hardly in his teens. To a student and
reader like Professor Thomson, the fall-

ing of his monocle, if he wore one, was
not necessary to suggest the reflecting

galvanometer.

As somewhat apropos of this general

subject, it may be mentioned that a

statement, which may perhaps give

credit where it is not altogether due,

has been started on its rounds within

the past few weeks to the effect that a

telegraph repeating relay that admits of

the direct reception and transmission of

currents from one line to another, with

marvelous results in increasing the dis-

tance to which signals can be trans-

mitted telegraphically, has been recently

introduced upon the lines of the West-
ern Union Telegraph Company in this

country, as though this were a device

of recent origin. In point of fact, the

method of directly receiving and trans-

mitting currents from one line to another
by means of a direct repeating relay has

been employed in the operation of the

Wheatstone automatic duplex system
on the Western Union lines for over

twenty years, on circuits extending from
Chicago to San Francisco, and the same
method has been in use in Great Britain

for possibly forty years. The only im-

aginable difference between the use of

the direct repeating relay now pro-

claimed as novel, and for the recent

application of which to telegraphy some
honour is claimed in certain quarters,

and its previous use for over twenty
years on the Wheatstone automatic
system, is that in the latter instance it

has been utilised in comparatively rapid

signaling, while in the former case it is

presumably applied to lines on which
manual transmission of signals is em-
ployed. If it has been supposed that

some novelty consists in applying a di-

rect repeating relay to manual transmis-

sion lines, which relay hitherto had been
applied to only high-speed telegraph

transmission, the supposition is hardly

tenable in view of the fact that direct

repeating relays, by means of which
currents were transmitted from one line

to another, were used in manual trans-

mission by Morse over sixty- five years

ago. Direct repeating relays in auto-

matic telegraph repeaters have been in

use also for simplex working in Conti-

nental Europe for twenty-five or thirty

years with excellent results. It would
appear, therefore, that any claim for

honour for so tardy an application of

this well-known and admittedly high-

efficiency direct-repeating relay to man-
ual transmission should at least be ac-

companied by an apology to the stock-

holders of the above-mentioned tel-

egraph company for the technical or

official oversight that has withheld this

acknowledged betterment to the service

for so many long years.

It is somewhat difficult to determine

the exact manner in which a name can

be so generally and erroneously applied

to a device or system as it is in the case

of the arrangement which for many
years has been termed the " Wheat-
stone Bridge," after the well-known in-

ventor, Sir Charles Wheatstone. This

arrangement was in reality due to Dr.

Christie, but having been applied by
Wheatstone to the measurement of elec-

trical resistances, his name has become
attached permanently to it, notwith-

standing that Christie's original work
in connection with the device has been
pointed out over and over again.

The Corliss valve gear idea for loco-

motives is once more in evidence. Ever
since George Corliss himself, about fifty

years ago, equipped a locomotive with
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valves and gear of his pattern, similar

experiments have been made by others,

particularly French locomotive engi-

neers; but in every instance the
'

' trappy
'

' character of the gear, to use

a bit of Yankee slang, proved fatal to

its continued use. There were alto-

gether too many breakdowns and too
big a repair account to offset the good
points of the mechanism. The latest

Corliss locomotive venture is being
made in the United States on the Chi-

cago & Northwestern Railroad, two
locomotives on that line having been
equipped with what are known as

Young rotary valves and gear, named
after the patentee, Mr. O. W. Young.

Much interesting and practically

valuable information on the making and
uses of concrete is given in a paper read
some time ago by Henry W. Edwards
before the American Institute of Mining
Engineers. Among other things, Mr.
Edwards says that concrete should never
be dropped from a height for the reason
that, invariably, the mortar and stone
separate, and weakness results. For
example, if it be necessary to get to the
bottom of a deep excavation, it pays to

lower the concrete in a tub or bucket,
or if the excavation be large, to lower
the wheelbarrow itself. In a case of this

kind it pays best to disregard the wheel-
barrow entirely, mount the mixing gear
close at hand, erect a temporary derrick,

which will command not only the mix-
ing gear, but the area of the whole ex-

cavation, and then carry on the work
with a tub.

hardening by covering it with a layer of

sand or dirt, which is frequently moist-

ened. Under these conditions the con-

crete may receive its load in a week or

ten days, or even sooner, if it is entirely

below ground where the mass has no
opportunity to spread. In more north-

erly localities where the winters are cold,

concrete, if built late in the autumn or

in the winter, will not be really solid

until warm weather has set in. The in-

fluence of temperature on the hardening
and seasoning of concrete is very dis-

tinct and must be taken into account.

The second condition which has to be
considered before applying the load is

the purpose of the structure. If the

load be applied gradually, as, for ex-

ample, in the case of a retaining wall to

be gradually filled up from behind, load-

ing may commence after a week or two
of warm weather. It would be unwise,

however, to set an engine to work on a

green concrete foundation, although

there would be but little harm in mount-
ing it in its place after a week or two
have elapsed. Thin work, such as

floors and flues, naturally solidify much
more rapidly than heavy masses. Mr.

Edwards tells of having used a floor on
the third day after its completion, merely
taking the precaution to place a few old

boards where tnere would be the most
traffic. Unless in winter, the cribs can

be removed on the third day. In heavy
masses, hardening and seasoning will go
on for many months. Beyond delaying

the setting until warmer weather, frost,

even if the wet concrete itself be frozen,

does not appear to be in the least in-

iurious.

As to the seasoning of concrete, and
the recurring question as to how long a

period should elapse after laying the

concrete before it should be loaded, Mr.
Edwards says that the answer depends
on two*conditions:—First, the season
of the year, and second, the use to

which the work is to be put. In sum-
mer time or in a dry, winterless climate,

concrete rapidly reaches its full strength,

and it is best to retard its too rapid

One of the uses of concrete spoken

of by Mr. Edwards in the above-men-

tioned paper was the making of flues for

metallurgical furnaces, and in the result-

ing discussion Mr. Edwin H. Messiter

told of one such flue designed by him
with walls from 2% to 3^ inches thick,

made by plastering cement mortar on

expanded metal lath. In regard to the

effect of sulphur dioxide and furnace

gases on the cement, Mr. Messiter found

that in certain cases this is a matter
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which must be given very careful atten-

tion. Where there is sufficient heat to

prevent the existence of condensed

moisture inside of the flue, there is ap-

parently no action whatever on the

cement, but if the concrete is wet, it is

rapidly rotted by these gases. At
points near the furnaces there is gen-

erally sufficient heat not only to prevent

internal condensation of the aqueous
vapour always present in the gases, but

also to evaporate water from rain or

snow falling on the outside of the flue.

Further along a point is reached where
rain water will percolate through minute

cracks caused by expansion and con-

traction, and reach the interior even
though internal condensation does not

occur there in dry weather. From this

point to the end of the flue the roof

must be coated on the outside with

asphalt paint or other impervious ma-
terial. In very long flues a point may
be reached where moisture wil I condense
on the inside of the walls in cold weather.

From this point to the end of the flue it

is essential to protect the interior with

an acid-resisting paint, of which two or

more coats will be necessary. For the

first coat a material containing little or

no linseed oil is best, as the lime in the

cement is said to attack the oil. For
this purpose Mr. Messiter used ebonite

varnish, and for the succeeding coats,

durable metal coating. The first coat

will require about one gallon of ma-
terial for each ioo square feet of surface.

In order to reduce the amount of flue

subject to condensation, the plastered

flues have been built with double lath

having an intervening air space in the

middle of the wall. In building thin

walls of cement, such as flue-walls, it is

particularly important to prevent them
from drying before the cement has com-
bined with all the water it needs. For
this reason the work should be sprinkled

freely until the cement is fully set.

Much work of this class has been ruined

through ignorance by fires built neai^
the walls in cold weather, which caused
the mortar to shell off in a short time.

Besides the saving in cost of construction

which the concrete-steel flue makes pos-
sible,—about 50 per cent. ,—there is the
advantage that such a flue is tight as
compared with one of brick. There is

nearly always a serious leakage through
the walls of a brick flue.

The establishment of a Fessenden
wireless telegraph circuit was recently

commenced, designed to extend from
Para to Manaos, on the Amazon River,

—a distance of 1000 miles,—with relay-

ing stations at frequent intervals along
the river. The intention, in fact, is to

supplant the present submarine cables

that follow the course of the Amazon
River between the points named, be-

cause of the unreliability of these cables,

owing to injuries and breaks due to the
swiftness of the current, and also, it is

said, to a fondness which the alligators

that infest that river have developed for

submarine cable as an article of diet.

Thus far but two stations have been
established, namely, at Breves, a suburb
of Para, at the mouth of the Amazon,
and at Pinheiro, further up the river.

In all about twelve stations will be estab-

lished between Para and Manaos, and it

is expected that the circuit will be ready
for business in about three months; but

at present not any of the stations are in

commercial operation.

The electric fan possesses possibilities

additional to those of providing comfort
in the hot-weather period. Mention
has previously been made in these col-

umns of the use of such fans in show-
window compartments in cold weather
as a means of preventing frosting of the

glass, but a more recent suggestion is

that of turning the air current from the

fan on steam and hot water radiators as

a means of increasing their efficiency.

We get, thus, a modified form of hot-

blast heating apparatus of the kind with

which every heating and ventilating en-

gineer is familiar. Where, as is often

the case in dwellings, the radiator is a

bit too small to properly warm its ap-

portioned space, this improvised fan
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service is said to have proved a most
satisfactory heating auxiliary, and, in-

deed, there is good reason why this

should be so. In connection with the

American hot air furnace heating sys-

tem, in which the warmed air is led from

the furnace in the cellar through ducts

to different parts of a dwelling, the elec-

tric fan likewise is recommended as an

adjunct to comfort. It is not unusual

for some one of the ducts to yield only

a scant warm air supply, or even to re-

verse its action. In such a case the

electric fan can be easily arranged with

a cardboard hood and set in front of the

duct opening in the wall so that it will

help to draw air from it; when there is

a floor opening, the same effect may be

secured by placing a box covering over

the floor register and setting the fan in

one side of the box, blowing outward

and away from the register. Withal,

the electric fan is no longer merely a

warm weather servitor.

Some interesting statements concern-

ing the use of live steam for feed-water

heating were made by Mr. Irving H.
Reynolds in his paper on " Pump-
ing Machinery," read last fall before

the St. Louis International Engineering

Congress. In one instance where an
exceptionally high thermal efficiency

had been obtained with a quadruple-

expansion engine the results were as-

cribed principally to the use of feed-

water heaters placed in the exhaust pipe,

third, second and first receivers, taking

the feed-water from the condenser and
passing it through the heaters in the

order named, on its way to the boilers.

This arrangement caused considerable

condensation in the receivers (about 15

per cent, of the total steam used by the

engine), and the gain in economy was
due to the utilisation of the latent heat

in these 15 per cent, condensed. Many
years ago Mr. James Weir took steam
from the intermediate receivers of com-
pound marine engines and used it to

raise the temperature of the feed- water.

He secured an economy of about 8 per
cent, in the boilers, and he lost about 4

per cent, in the engines, being a net

gain of 4 per cent. But taking the

feed-water through intermediate receiv-

ers would seem to be something new.
The usual practice is to raise the tem-
perature in them and not to lower it.

The heating of feed-water in the way
stated thus presents an interesting prob-
lem concerning which The Engineer,
of London, says:

—" We take it for

granted that all the water of condensa-
tion was carefully withdrawn from the

receivers, and that being done, the

temperature of the steam in them would
probably remain unaltered. The steam
is as efficient per pound as before, but
the weight of steam would be reduced

15 per cent. Economy resulted for the

same reasons,—whatever these may be,

—that render feed-water heating by live

steam a means of economy in the Weir,
Kirkaldy, or Halpin systems. It is

worth while to add that no more engines

have been constructed in this way, be-

cause, while exceedingly interesting

from a theoretical standpoint, the sys-

tem apparently involved so much com-
plication as to bar its general introduc-

tion."

It is generally well known that elec-

tric motors are now largely employed
in driving the machines, such as mixers,

kneaders, and others, in large bakeries,

whereby no part of the human body
need come into contact with, or even in

proximity to, the flour or dough at any

part of the process of bread-making,

which, apart from the economies effected

by means of the machinery, is obviously

a very desirable consideration from a

sanitary point of view. Another pro-

posed use, but one not so successful, of

electricity in bread-making, has recently

been announced in a report to the Paris

Academy of Sciences. On the mistaken

notion that the whiter the bread the

better its quality, it appears that the

bread consumers of Paris have for years

been demanding whiter and whiter

bread, with the result that to gratify

this demand the most nutritious part of

the wheat grain, that which contains

the most albumen, is excluded from the
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flour. It was thought by certain inter-

ested chemists that if the wheat flour

were brought into contact with electri-

fied air, the ozone possibly might bleach

the flour to a whiteness that would
please the eye without detriment to its

nutritious and palatable qualities. Ex-
periments were, therefore, made to de-

termine these points. The expected
result as to whiteness was obtained by
the electric treatment, and the amount
of phosphorus was the same as in flour

treated in the ordinary way. The elec-

trically treated flour, however, was found
to be quite unpalatable, the fatty and
acid substances varying largely, the

fatty substances proving rancid and
glutinous and becoming oxidised and
partly converted into white sebacic acid

which could be dissolved in alcohol.

Needless to add, therefore, the use of

electricity or ozone for this purpose was
not adopted.

No one, according to Sir William H.
White, in a recent address on " The
Education of an Engineer," can become
an engineer, in the proper acceptation

of the word, unless he is a practical

mathematician. For creative work of

a satisfactory and certain nature mathe-
matics are necessary. Physics, or what
used to be called

'

' natural philosophy,"
forms a needful part of the engineer's
equipment, for more and more every
day the old border line between engi-

neering and physical science is being
narrowed. The introduction of elec-

tricity as a great factor in doing the
world' s work emphasises this point. In
some branches of engineering a knowl-
edge of chemistry is a necessity; and it

would be useful in all, for metallurgical

knowledge, which means knowledge of

the substances the engineer employs, is

founded on chemistry. Here, again, a
dividing territory is being absorbed; for

now, in the light of fuller knowledge, it

is difficult to tell where what is accepted
as chemical action ends and physical in-

fluence begins. Geology is evidently
an essential branch of education for the
mining engineer, and also for those who
have to do with large undertakings in

what is more particularly known as civil

engineering, such as railway and canal

construction, or the making of docks
and designing of water-works; whilst

even biology, or the science of life,

which at first sight might be supposed
to be far removed from the engineer's

concern, is now necessary for those who
would attack the question of sewage
disposal, or other problems in the im-

portant field of sanitary science.

An interesting illustration of the abil-

ity of the electric motor to displace the

inefficient single cylinder type of non-
condensing steam engine occurs in re-

cent isolated plant practice where the

generators supply alternating current

to the installation. It is growing more
and more common in such cases to in-

stall motor-driven exciter sets for con-

tinuous operation, leaving a single

steam-driven set to be used in starting

up the plant, the latter outfit being shut

down as soon as the alternators are run-

ning at full speed. The arrangement
enables the alternators to be excited

with an economy which could not pos-

sibly be obtained with a steam engine.

An efficiency of 75 to 80 per cent, is

readily secured with motor-generator

excitation, even allowing for the trifling

extra loss in wiring. The load is seldom
of a violently fluctuating character as far

as the exciter set is concerned, and the

cleanliness, comfort and flexibility of the

method are far superior in the case of

the motor-driven as compared with the

steam-driven unit. In very large plants,

where an interruption of exciter service

is liable to cause great financial loss if

the plant shuts down for a single mo-
ment, it is often desirable to add a stor-

age battery to the exciting equipment.

The battery " floats " upon the exciter

bus bars, and, as an additional safe-

guard, stands ready to supply current

automatically the instant that the reg-

ular supply fails. It is to be noted that

engineers have thought it worth while

to use motor-driven exciters for continu-

ous operation, even when the steam-

driven set stands idle most of the time,
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running up a bill of fixed charges. This

fact in itself is a significant comment
upon the superior efficiency of the newer
method.

In discussing the subject of alloys for

steam uses recently before the Franklin

Institute, Mr. G. H. Gamer referred to

the admixture to such alloys of a small

quantity of lead with the view of pro-

ducing a metal sufficiently dense to with-

stand high pressure. It has long been
known by foundrymen, said Mr. Gamer,
that a mixture of a small quantity of

lead will produce this effect, and, fur-

ther, it facilitates the machining of cast-

ings which contain it. The following

interesting experience bearing on this

subject was mentioned b)' him:—In the

time of the old bronze cannons, which
were made from an alloy (known as
" cannon bronze ") of copper and tin,

a certain founder had taken a govern-

ment contract for the manufacture of

quite a number of guns of this character.

According to the specifications, the

government inspectors were required to

weigh the charges, see that they were
charged in the furnaces, and then the

foundryman was held responsible for the

castings. These guns were subjected

to certain pressure, and, after repeated

failures, the manufacturers, being famil-

iar with the value of lead in the alloy,

decided to have some moulds made of

the exact shape in which pure tin was
marketed. One night they melted the

tin which they had on hand, and added
a certain small percentage of lead, then

poured it into moulds, and when the

inspector came the next day he weighed
the pigs, which he had no reason to

suspect were anything else but pure tin.

The mixture was then made up in the

usual way, and, to the utter astonish-

ment of the government officials, the

castings from that day all came up to

the full requirements.

ASA MARTENS MATTICE

A BIOGRAPHICAL SKETCH

By Walter M. McFarland

IT
was a pleasure to the writer to ac-

cede to the request of the editor to

prepare this sketch, as it gave him
an opportunity to pay a tribute of affec-

tion and respect to one who has been
his intimate friend for many years, and
who during the whole of his own career

as an engineer has been his ideal as a

brilliant, conscientious and supremely
efficient master of the profession of en-

gineering. As will appear in these re-

marks, this opinion is generally held by
those who have had the privilege of in-

timate association with him.

Mattice is a descendant of one of the

old Dutch families which settled near
Albany, but is himself a native of Buf-

falo, where he was born August i, 1853.

After receiving his preliminary educa-

tion in Buffalo, he entered the United
States Naval Academy as a cadet engi-

neer in 1872. Here he at once gave
evidence of his remarkable ability, and
graduated in 1874 at the head of his

class.

It is not often given to very young
men, especially in a military service in

time of peace, to distinguish themselves;

but Mattice is one of those men who
cannot vegetate, and who find some-
thing of value to do under any circum-

stances. He has always been a great

student of engineering subjects, and
during this period of rest before the up-
building of the new navy he was quietly

and probably unconsciously preparing



438 CASSIER'S MAGAZINE

himself for the important part he took

in our naval renaissance. Many stories

are told by his friends of clever things

done by him during these early days,

which show his steady growth in engi-

neering experience. From 1879 to 1883
he was an instructor in engineering at

Annapolis, where his work left a deep
imprint, and there is little doubt that it

was largely due to his work that the

engineering course at Annapolis was
one of the best in the country.

The customary alternation of sea and
shore duty sent him off on a cruise to

China and Japan, and on his return he
became an assistant to Commodore
Loring, then engineer-in-chief of the

navy. He began at once to do excel-

lent work in connection with the designs

of machinery for the new navy.

At this time,—in 1887,—Chief Engi-

neer (now Admiral) Melville was invited

by Secretary Whitney to prepare de-

signs for the machinery of a fast cruiser

which would equal or surpass anything

built abroad. Melville chose as his

chief aides Chief Engineer Kafer, whom
so many of us are proud to call our
" engineering father," and Mattice.

This gave Mattice a splendid opportun-

ity for the exercise of his talents, and
marked the beginning of that admira-

tion for them by Admiral Melville which
he has so often expressed by saying,
" Mattice is, without exception, the

ablest man I have ever known." In

passing, I may say that Admiral Mel-
ville once said to a number of his assist-

ants, including myself,
'

' You boys have
done fine work for me, and 1 am grate-

ful for it, but I hope you will not feel

hurt when I say that none of you is the

equal of Mattice
'

'
; and the pleasant

thing to add is that we all agreed with

the Admiral.

When Melville became engineer- in-

chief in 1887, he naturally chose Mat-
tice as one of his assistants, and while

no one could supplant his old friend

Kafer, who is the best and most loyal

friend any man ever had, Mattice be-

came a second and younger confidential

assistant. It has always been a source
of great satisfaction to the writer that he
was deemed worthy, at a later period,

to occupy this position of confidentia

assistant to this famous and lovable man
as a successor to two of his own best

friends and teachers in the profession.

The building of the new navy found
Mattice well prepared for his part in the

work, and the results of his labours are

still evident in many ways. When the

specifications of the original Maine's
machinery appeared they were unani-

mously declared the most complete ever

issued, and they have remained the

model ever since. He was largely in-

strumental in the introduction of water-

tube boilers and very light engines in

our steam launches; also in the inaug-

uration of the competitive test of water-

tube boilers for large vessels. His ac-

tivity was unbounded, and covered every
branch of naval engineering. Among
other excellent things done by him was
a reorganisation of the draughting room,
and a systematising of all kinds of

records.

The writer has elsewhere written of

the wonderful power of Admiral Mel-
ville to inspire affection and devotion in

his assistants, and Mattice has always
had something of the same power over
his assistants and associates. Indeed,

it went so far with some that they really

regarded him as infallible in engineering

matters. Those who have had a chance
to learn his almost encyclopaedic knowl-
edge and to see his methods of work
can understand this feeling on the part

of young men. He is not only a student

and a wonderfully keen observer, but

his great experience is fully under com-
mand and ready for a call at any time.

His brain works with unusual swiftness,

and, what is rare in such cases, with

great accuracy. I am not young enough
to think that he never makes a mistake,

but many years' close acquaintance have
shown that they are very rare. His
capacity for work seems inexhaustible,

and this, combined with his quick mind,

enables him to do the work of several

men,—and do it better. I have heard
him criticised for giving too much atten-

tion to details, but my view is just the

contrary. He seems an exemplification

of that definition of genius which says

that it is an infinite capacity for taking
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pains. He gives attention to details

because on their perfection depends
success. He wants work right in every

detail before it leaves the shop, and be-

lieves that it is true economy to spend
some time and money to make things

right at the start rather than more of

both to correct defects due to oversight

and neglect of details after work has

been sent out and put in service.

In 1889 the navy lost Mattice's serv-

ices, just as it has lost the services of so

many other able men, because the

organisation was such as to reward
mediocrity and to offer no adequate en-

couragement to special ability. From
that time until 1900 Mattice was the

chief assistant to E. D. Leavitt, the

iamous consulting engineer of Boston.

During this time he was engaged in a

wide variety of engineering work of the

highest class, and made several trips to

Europe to see, by actual inspection, the

latest developments there. In Decem-
ber, ot 1900, he became the chief en-

gineer of the Westinghouse Electric &
Manufacturing Company, and in 1903
of the Westinghouse Machine Com-
pany, remaining at the same time as

consulting engineer of the former com-
pany. His work with these companies
was of the same high class as he had
always done, and his great ability was
soon recognised by all his associates.

In April, 1904, he accepted the position

of chief engineer of the Allis-Chalmers

Company, where he has charge of all

their engineering and manufacturing

work, a position similar to that of vice-

president in most companies.

If, as is often said, great, men are al-

ways modest, then Mattice has certainly

one of the elements of greatness, for he
is modest in the extreme. He has done
very little in the way of writing for the

technical press or reading papers before

societies, and thus is not so widely

known as his record and abilities entitle

him to be. Indeed, it is partly to en-

able more people to know him well that

I have gone into some details in this

sketch. He believes in letting his work
speak for him, and it does so in no un-
certain way to those who come in con-

tact with it. Like Moltke, he can be

silent in seven languages when there

seems nothing to say, but when there is

occasion to talk he is a brilliant conver-
sationalist, and one cannot but admire
the vast store of knowledge on which
he draws so readily.

He has a remarkable fund of anec-

dotes, and nothing gives him more
pleasure in a congenial crowd than to

tell his latest stories. He has always
been popular with his associates, and
this was shown in a marked way when
he left the navy. All the younger en •

gineer officers, and many of the old

ones, joined in presenting him with a

handsome silver service. This is the

only case of such a general testimonial

within the writer's knowledge. Others
have been so honoured by friends im-

mediately associated with them, but

there was no united action throughout
the service. Mattice is one of the best

of friends, holding fast to those who
have proved themselves worthy of his

regard, and counting nothing too much
that they may ask of him. The writer

has personally been the beneficiary in so

many cases that he takes special pleasure

in here acknowledging it.

Mention should also be made of his

public spirit. This comes naturally

from his desire for thoroughness and
efficiency, and his own great capacity

for work. Some years ago, while he
lived in Cambridge, near Boston, the

project was mooted of building a dam
which would turn the marshy back bay
into a beautiful lake. During his visits

to Europe, Mattice had seen the bene-

ficent results of such plans in the lake

at Hamburg and the lovely reaches of

the Thames. He accordingly procured,

at his own expense, a series of fine lant-

ern slides of these European examples,

and, having made a thorough study of

the subject from all sides, gave a series

of lectures to educate public opinion.

As is well known, the project was after-

ward carried out and proved very

effectual.

Knowing the high esteem in which
Mattice is held by his old naval chiefs,

the writer asked them to complete this

sketch by contributing a few comments.
They have kindly sent the remarks



44© CASSIER'S MAGAZINE

which follow. John C. Kafer writes

thus:

—

" My old friend Mattice is a remark-
able man, and this became evident at a

very early period of our associations as

teacher and pupil at the Naval Academy.
Further services together as fellow in-

structors at a later date confirmed the

earlier impression. What specially im-

pressed me was the rapidity and clear-

ness with which he solved the most
difficult problems which we encount-

ered, and his ability to make them clear

to others. In this respect he often aided

instructors in other courses. His lead-

ership was not confined to professional

subjects, but he was active in social

affairs, and every gathering counted on
him as an important factor in its suc-

cess. He made a mark in amateur
theatricals. The ladies were always

anxious to have him with them in their

festivities, for no matter what was pro-

jected, it was done better by Mattice

than any other could do it.

" When he returned from sea in

1886, he was, at my suggestion, brought
to the Bureau of Steam Engineering by
Engineer-in- Chief Loring, and began
the splendid work which he continued

under Melville. To him more than to

any other is due the credit for incor-

porating the many useful devices that

have placed the machinery of our naval

vessels in the very front of engineering

progress, as well as for securing maxi-
mum efficiency and power with mini-

mum weight.
" Mattice' s work since leaving the

navy has been of the highest order, and
is enough to make any engineer feel

proud. His ability for turning out

work is marvellous. He is a never-

tiring worker, and I have personally

known him to work twenty hours out

of the twenty- four for several days, at

important times, and make every stroke

count.
" Socially, he is one of the most

agreeable men of my acquaintance, and
I deem it a rare privilege to have been
connected so closely with the education
and practical life work of the best and

most genial mechanical and marine en-

gineerwhom I know,—AsaM. Mattice;

and in saying this I would not disparage

the brilliant abilities of many other of

my former pupils and friends, among
whom is the author of this sketch, who
are now shining lights in the engineer-

ing world."

Commodore Charles H. Loring
says:

—

" It was because of the good name
he had made for himself by his work
while a member of the engineering edu-

cational staff at the Naval Academy that

the subject of this memoir was selected

for duty in the Bureau of Steam Engi-
neering where the designs for the ma-
chinery of certain of the earlier ships of

the new navy were then in hand.
" His work there fully sustained the

reputation that had preceded him. He
displayed from the beginning the attri-

butes of character so fully set forth by
the author of this memoir.

" His fertility of mechanical resource,

his indomitable energy and industry,

his clear and quick insight into intricate

subjects, his facile use of pen and pencil,

and his freedom from self-conceit,

though firm in his convictions, made
him an able and agreeable counsellor.

I think I shall excite no ' yellow ' criti-

cism in saying that Mattice is the per-

fect fruit of the system of engineering

education at the Naval Academy. '

'

Admiral George W. Melville adds the

following:—
'

' Your too limited sketch of the work
of our good friend Mattice is interesting,

but I hardly think you have done him
full justice, in spite of your usually facile

pen. I could not do so, and I doubt if

any one could. Perhaps after he has

passed away some one who has known
and admired him, as we do, may give

an adequate account of his capacity and
work. I endorse every word you have

given as coming from me, though I

would make" them more vigorous; and
I will only add that, in my opinion, he

has not an equal in the United States

to-day as an engineer and general

physicist.
'

'
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THE KRUPP WORKS
By Emile Guarini

THE famous Krupp Works, like

most of the great European in-

dustrial establishments, started

from very humble beginnings. But
to-day they are the most important of

all Germany, and even perhaps of the

old world. Little by little, guided by

genius and aided by circumstance,

they increased, until .now_ they give

work to nearly i50,oocr~"people, of

whom 25,000 belong to the Essen
branch of the establishment. The en-

tire works are made up of eight dif-

ferent groups:

—

1.—The steel works at Essen, with
the testing field of Meppen;

2.—The steel works at Annen;
3.—The Gruson Works at Buckau;
4.—The Germania Dockyard at

Kiel;

5.—The four blast furnaces at

Rheinhausen, Duisburg, Neuwied,
and Engers, and the steel works at

Sayn;
6.—The three coal mines of Hann-

over, Hannibal, and Salzer & Neuack;
7.—Numerous iron mine^ in Ger-

many and a share in the Bilbao mines
in Spain;

8.—The Rotterdam Dockyard.
The management of this extensive

whole is entrusted to a board of twelve

directors sitting at Essen. The Essen
Steel Works are busy manufacturing
all kinds of steel, ordinary as well as

special steel, for the construction of

ordnance of every description and in-

dustrial appliances, material for tram-
ways, ships, steam engines, armour-
plate, rolling mills, machine tools, etc.

The factory, properly so-called, is
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HYDRAULIC ARMOUR-PLATE BENDING PRESS AT ESSEN

divided into 60 departments, and in-

cludes about 5300 machine tools, 22
rolling mills, 141 steam hammers, 63
hydraulic presses, two of them bend-
ing presses of 7000 tons each; one
forging press of 5000 tons and one of

2000 tons, 323 fixed steam boilers, 513
steam engines, ranging from 2 to 3500
horse-power (aggregate horse-power,

43,848) ; 369 electric motors, and 591
cranes of varying power. The total

area is composed of about 820 acres,

of which about 151 are covered. The
yearly consumption of coal amounts
to 1,678,175 tons. The fire-brick and
crucible factory turns out everv year

123,300 bricks and 2000 crucibles.

The supply of water is secured by
four independent installations, supply-

ing yearly more than 4,082,665,750
gallons of water. The gas works sup-

.ply more than 519,184,400 cubic feet

of gas a year for lighting purposes.

The electrical equipment includes

three generating and seven distribut-

ing stations, 20 miles of underground
cables, 30 miles of overhead cables,

1 169 arc lamps, 9740 incandescent

lamps, and 369 electric motors, as al-

ready stated. The yearly supply of

current amounts to more than 7,098,-

547 kilowatt-hours.

The works equipment comprises
also a normal-gauge railway with
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ROLLING AN ARMOUR PLATE AT ESSEN

more than 50 miles of line, 16 tank en-
gines, and 712 carriages; and a nar-
row-gauge railway with 32 miles of

line, 27 locomotives, and 1209 car-

riages.

These railways are directly con-
nected with the neighbouring main
line stations, the service to and from
these stations comprising 50 trains
daily.

The telegraphic system of the fac-

tory includes 31 stations, with 51 miles

of wire. It is connected with the im-

perial telegraph of Essen, and ex-

changes annually with the latter about

20,000 messages. There is, besides, a

telephone system with 224 miles of

wire. The number of conversations is

about 2500 a day.

The factory is provided also with a

permanent fire brigade, numbering
100 men.
The testing field of Meppen covers

an area 15\ miles long and three miles
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wide. The yearly average of ballistic

experiments carried on amounts to

750, requiring 250 guns, 90,000 pounds
of smokeless powder, and 700,000
pounds of projectiles. The factory it-

self possesses a testing field where 45,-

000 pounds of smokeless gunpowder
and 730,000 pounds of projectiles are

consumed every year. Nearly 25,000
shots are fired every year in both
proof benches taken together.

The three previously mentioned
coal mines, of which the Salzer &
Neuack mine is- at Essen itself, while

the two others are near Bochum, pos-

sess together seven pits, and supply

fuel exclusively to the Essen factory

and to most of the other establish-

ments belonging to Krupp. The an-

nual output is 1,479,334 tons. The
number of men employed in the mines
is about 6000.

The Salzer & Neuack mine pos-
sesses two coking plants, with an ag-
gregate of 160 ovens. The two other
mines have only 144 ovens altogether.

The total output of these 304 ovens
amounts to 700 tons a day.

The Salzer & Neuack plant com-
prises three winding shafts, of which
the deepest measures about 1300 feet.

The Hannover and Hannibal mines

UNDER THE 5000-TON HYDRAULIC FORGING PRESS AT THE ESSEN WORKS
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have seven shafts, of which five are for

hoisting, the deepest measuring about

1600 feet.

The blast furnaces at Rheinhausen
were erected in 1897. They are three

in number, with outputs each of from
180 to 230 tons a day. The waste
gases from the furnaces are used un-

derneath the fifty steam boilers which
form part of the plant. Each of the

furnaces is blown from four com-
pound-vertical engines.

Two compound-vertical steam en-

necessary heating furnaces, machine
shops, a rolling mill, etc. Steel cast-

ings are turned out for ships, locomo-
tives, dynamos, steam engines, small

arms, etc.

The specialty of the Gruson Works
is white iron castings. By selecting

and mixing specially appropriate va-

rieties of ore, and by using metal

moulds instead of sand moulding, a

much harder casting is produced than
the ordinary one, the surface being
chilled bv the contact with the metal.

THE I50-TOX CRANE AT THE GERMANTA WORKS

gines of 250 horse-power are used for

dynamo driving; also a gas engine of

40 horse-power, using gas from the

blast furnaces. There are at Rhein-
hausen also two open-hearth furnaces
with a capacity of 25 tons each, with
the required gasogeneous engines, an
electric crane of 50 tons to manipulate
the casting ladles, a travelling steam
crane of 5 tons, a 500-pound hammer,
worked by compressed air, to forge

the steel-testing rods.

The steel works at Annen, in West-
phalia, turn out Siemens-Martin and
crucible steel. The works comprise
three Siemens-Martin furnaces, two
furnaces for crucible steel, of a capac-

ity of 100 crucibles each, with the four

The depth of this hard coat may be
altered according to requirements.

These castings are used in the man-
ufacture of arms and of industrial ma-
chinery. When a greater resistance,

but no greater hardness, is required

than in the ordinary cast iron, the

same mixture is cast in sand instead of

metal moulds. The Gruson Works
produce, besides, steel castings for

wheel work and for machinery of

every description, and specially har-

dened steel castings. Including the

proof bench of Buckau, the area cov-

ered by the Gruson Works- amounts
to 75 acres, and includes about 50 dif-

ferent workshops.
Besides the testing field of Buckau,
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THE GLASS-ENCLOSED SHIPBUILDING SHEDS AT THE GERMANIA WORKS AT KIEL

the works possess also near Tanger-
hutte a shooting field for great dis-

tances, connected through a junction

with the Magdeburg-Wittenberg Rail-

way. This establishment keeps at full

work ioo furnaces, 66 steam engines
of an aggregate power of 2015 horse-

power, 82 electric motors of 970 horse-

power together, 1461 machine tools,

376 travelling cranes, revolving

cranes, and lifts of a capacity of 150
tons maximum.
A normal-gauge railway, nearly 5

miles long, with 40 turn-tables, runs
through the workshops and loading
stations. This railway is in direct con-
nection with the Buckau railway sta-

tion. The access to the workshops and
communication between the several

shops is secured by a narrow-gauge
railway, 3^ miles long, with 65 turn-
tables.

For the conveyance of armour-plate
the factory possesses a steam traction

engine and 10 special trucks, of which
the largest is 25 yards long, and can
carry 95 tons.

All the shops and offices can com-
municate with one another through a
special telephone connection. More-
over, the factory possesses three con-
nections with the exterior telephone
system. A telegraph station allows
the factory to communicate directly

with the imperial telegraph office at

Magdeburg. All the workshops and
offices are lighted by electricity.

The system includes altogether 495
arc lamps and 2700 incandescent

lamps.

The mechanical properties of the

materials which are used are contin-

ually subjected to tests with regard to

wear, to bending, and to resistance to

shocks, with the aid of special ap-

paratus. Several chemical laboratories

also are adjuncts to the works.
The superintendence of the fire de-

partment is assumed by a detachment
of Magdeburg firemen constantly on
duty. Their detachment is composed
of one sergeant and three firemen,

who, in case of need, can call to their

assistance ten trained men thoroughly
acquainted with the fire service, and
belonging to a body of guards whose
duty it is to watch over the general

safety of the works. This body is

composed of one chief and thirty-four

men. The factory possesses besides

two steam fire engines always ready,

forty-eight reels of hose pipe and thir-

teen electric fire alarms. The number
of people employed at the works
amounts to nearly 3000.
The last purchased, but not the less

important of all the Krupp establish-

ments, is the Germania dockyard at

Kiel. In order to make this dockyard
yield as much as possible, and to raise
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it to the height of modern require-

ments, it was thoroughly transformed

immediately after it was acquired. The
new establishment covers now an area

of nearly 59 acres. The buildings

alone cover an area of 20 acres.

Special attention has been bestowed
upon the construction of the ship-

building docks, of which there are to

be a dozen, but of which seven only

are finished at present. Their length

varies from 400 to 640 feet, and their

width from 90 to 100 feet. The three

which are not yet constructed will be

iron and glass. The largest one is 102

feet high on the wharf side and 120
feet on the water side. Both sides

lengthwise have been left open to a

certain height. The facade towards
the dock is also glazed, at least its

higher part.

Each shed is equipped with two
electric travelling cranes moving side

by side, and capable of lifting 6 tons

each. It is expected that the use of

roofed docks will considerably shorten

the time required for the construction

of ships, as there will be no need to

AN INTERIOR VIEW

larger still, being intended to reach a

length of 750-feet.

Of the seven drydocks which are

finished, four are entirely roofed with

stop work on account of bad weather.

Besides the roofings will protect the

ships and the machinery employed in

construction. At present the roofing
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J.VY NAVAL AND COAST DEFENCE GUNS

of the other docks is delayed because

the first ones, at present the only ones

of the kind in Germany, are first ex-

pected to prove their superiority, and
advantage will thus be taken of the

acquired experience.

Next to the ro6fed docks is a great

unroofed one, where five or six tor-

pedo boats can be built simultan-

eously.

The various workships, forges and
warehouses are grouped round the

docks. Nearest the wharf, a workshop
extends for a length of 450 feet, while

its depth reaches 150 feet. This work-
shop is equipped with all the necessary

machinery for working metals. Each
bay is fitted with a travelling crane of

3 tons, and is crossed by four railway

lines connected with lines of rails run-

ning alongside the docks.

Southwards of this shop are the

buildings for the forges. These cover

a total area of nearly 2 acres. At
present the forge is fitted with two
furnaces, sixteen circular hearths, and

five double hearths. There are one
steam hammer of about 700 pounds
and four others ranging from 1200 to

3500 pounds.
Alongside the forge is a single

standard travelling crane of 40 tons

capacity for handling armour-plate.

To the west is the smith's shop, where
400 hands can find working room, and
which is equipped with a correspond-
ing number of anvils. It includes

about 100 machine tools of every de-

scription and size. As the finishing

of certain pieces, such as armour-
plates, is done in this shop, it has been
equipped with a travelling crane of 40
tons. To the smith shop is annexed
a workshop for the galvanizing of tor-

pedo boat parts. Opposite the smith
shop, on the quay, is a large three-

story building, including the carpen-
ters' and joiners' shop, the painters'

shop, stores, etc. From the first floor

starts a hanging bridge 4^ yards wide,

which leads to the ships alongside the

quay, ready for rigging, which allows



THE KRUPP WORKS 455

the different rigging gear to be deliv-

ered directly from the store to the

ship. The joiners' shop is provided

with exhaust apparatus for leading

the sawdust and shavings to a neigh-

bouring boiler room.
The greatest installation of the

whole dockyard is the building com-
prising the fitting and finishing shops,

with the copper forge and the armour-
plate shops, forming altogether a

building with seven bays, and cover-

ing an area of 4? acres. The principal

bay constitutes the fitters' shop, with

a floor space 165 feet long and about

36 feet wide. The steam engine shops

The most remarkable of the build-

ings of the lower dock is the one con-
taining the principal offices. The
length of its facade is 262 feet, and it

covers an area of -| acre. The base-

ment contains the technical offices,

and the ground floor the managers'
offices, and a great roofed hall 70 feet

long and 45 feet wide, in which are

exhibited the models of the ships built

by the firm. On the first and second
floors are the offices of the construc-

tors and draughtsmen. The top floor

is occupied by a photographic studio,

storerooms for designs, and a central

telephone station. Amongst the other

INSPECTING FINISHED PROJECTILES

are remarkable on account of the

wealth of their equipment, compris-
ing about 400 machine tools of the

latest patterns. Also worth mention-
ing, in the neighbourhood of these

shops, are the testing departments for

steam engines and boilers, and the

two-story warehouse.

buildings of the lower dockyard may
be mentioned the firemen's quarters,

the canteen, and the baths for the

workmen.
The principal buildings of the up-

per dockyard are the modelling shop,

the foundry, the boiler shop, and the

central electric establishment. The
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modelling shop is on the ground floor

of a building of which two stories

contain the storerooms for the models.
The foundry occupies a seven-bay

building, covering an area of about 2\
acres. It is provided with the most
recent apparatus for lifting and con-
veying, with the most improved cupo-
las, with machinery to prepare the

sand for moulding, to dry the moulds,
and to finish the castings. It includes

also a small smith shop and a joiners'

shop as well. It is equipped with two
travelling cranes of 15 to 20 tons,

seven stationary cranes., and two wall

cranes. For the casting of big pieces

there are three pits from 16 to 20 feet

in diameter and 15 feet deep. In the

two furnaces of the iron foundry 14

tons of metal can be melted every

hour.

The neighbouring boiler shop is a

little over 400 feet long and 212 feet

wide. The two side bays are equipped
with two 15-ton travelling cranes, and
the central bay with one of 50 tons ca-

pacity, besides an auxiliary 20-ton

crane. There are also a great number
of wall cranes. The shop contains

numerous machine tools driven by
compressed air, hydraulic rivetting

machines, and an outfit for galvanis-

ing. Close by the boiler shop extends

the central electric establishment pro-

vided with five triple-expansion en-

gines, two of 375 horse-power, and
three of 750 horse-power. They are

connected with a central condenser,

and directly coupled to seven direct-

current dynamos.
The equipment with regard to ma-

chine tools and motive power of these

new factories, is indeed the most com-
plete that can be imagined. The num-
ber of machine tools amounts to 840,
and electric power is almost exclusive-

ly in use. Excepting a few installa-

tions where for special reasons an-

other kind of power is required, all

the machine too_ls are worked by elec-

tricity, either individually or in

groups. Excepting the hand cranes,

all cranes, too, are operated electrical-

ly. The number of dynamos and mo-
tors amounts to 260.

Excepting the forges, all the en-

closed shops are heated by steam. The
buildings and workshops, the dry-

docks, and open dockyards are lighted

by electricity, being equipped with

450 arc lamps and 4400 incandescent
lamps.

The number of workmen and em-
ployees occupied in the dockyard of

the Germania amounts to nearly 7000.
The workingmen's welfare has been

kept prominently in mind in the com-
bination of Krupp establishments.

More than a hundred shops and fac-

tories supply to the working staff their

food products and domestic requisites

at reduced rates. About twenty set-

tlements supply lodgings.

There are, besides, a hospital, an aid

society for the sick, two institutions

for workmen retired on pensions, dis-

pensaries, homes for the aged, and
others of similar import.*
At Essen there are an employee's

club, a foremen's club, a domestic
training school, an industrial school
for adults, three industrial schools for

girls, a circulating library, a private

school for the workmen's children, a

savings bank, and a life insurance so-

ciety; at the Gruson Works there are

a canteen, a club for employees, and
a workmen's restaurant with 1000
places. Nothing seems to have been
forgotten in these great works, which
are models of their kind from nearly
all points of view.

* Those more particularly interested in this part
of the Krupp enterprise mav find it worth while to
refer to the profusely illustrated article entitled
"The Future of the Iron and Steel Trades; Solving
the Labour Problem." by Axel Sshlin, printed in
this magazine in February, 1903.—The Editor.



ROAD WHEELS FOR MECHANICAL VEHICLES

By R. G. L. Markham, M. Inst Mech. E.

HEELS may, per-

haps, be reck-

oned among the

oldest of mechani-
cal devices, and the

fact that we have
been so long ac-

customed to them
with little obvious
change, combined
with their ubi-

quity, has tended

to obscure the im-

portance of the
part they play in

all forms of traction. With the excep-

tion of the bullock sleighs in Madeira,

and perhaps in a few other cases gov-
erned by special circumstances, wheels

are used for vehicles of all classes,

from the wheelbarrow to the coach or

the racing motor car, and though a

man, a team of horses, or a powerful

engine be required to propel them,
they would all be quite unequal to the

task were it not for the unconsidered
wheels upon which they run.

While the wheels should, of course,

always be suited in construction to the

class of vehicle on which they are

used, in the case of vehicles drawn by
horses or other means extraneous to

themselves, the only function of the

wheels is to carry the weight, and they
play no part in propelling the vehicle.

The advent of the cycle, however, in-

troduced other considerations into the

design of wheels adapted to the pur-
pose.

In the earliest prints of the bicycle

of the "bone-shaker" period we find it

fitted with iron-tired wooden wheels,

—the usual carriage type of wheel, in

fact.

This proved too cumbersome and
uncomfortable; and gave way to the

6-2

lighter wire wheel with rubber tire,

but still with straight spokes. Then
it was found, since the propulsive
force was no longer extraneous to the

machine, but was transmitted through
the hub and spokes, that this arrange-
ment was not altogether satisfactory,

and accordingly tangent spokes were
introduced.

Again, solid rubber tires formerly
were cemented to the rims, and, with
the force of propulsion acting through
them, used to stretch and roll off.

Were it not for the introduction of the
cushion and pneumatic tires, with dif-

ferent methods of attachment, no
doubt the natural sequence would
have been to wire on the solid rubber
tire, as is done to-day in the case of

perambulators and motor vehicles
using this form of tire.

The introduction of the pneumatic
tire was at first not so much an out-
come of conditions necessitating its

employment as of a desire for greater
comfort, but it is apparent that with-
out its use speeds would never have
increased as they have.
The motor or self-propelled vehicle

has again necessitated changes in the
design of road wheels, but the condi-
tions governing those modifications
have differed considerably in nature as
well as in degree, and were at first but
little realised or understood. To some
of us of the present day who "know all

about it," it may, perhaps, cause a lit-

tle wondering amusement to note the
mistakes of our exemplars of a previ-

ous decade. Thus, on the introduc-
tion of the motor vehicle, makers in

general devoted their whole attention
to the mechanism,—the new and fas-

cinating acquaintance, as it were,

—

while their old and tried friends, the
wheels, were ignored. Their extreme

457
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ARTILLERY TYPE WHEELS

importance, increased even beyond
what it had been previously, remained
comparatively unrecognised, and they

were not improved to the occasion.

In the case of motors for goods
transport, or steam waggons, the re-

sult was seen in the trials of 1898, or-

ganised by the Liverpool Self-Pro-

pelled Traffic Association, in which,
though the machines themselves were
fairly satisfactory for those early days,

the wheels gave trouble all around.
Among the judges' "conclusions"

following the trials were:
—"The forms

of wheels and tires adopted by all the

manufacturers, though probably per-

fectly efficient as carriers, were all

structurally more or less inefficient as

drivers."

.
Some of these wheels were of wood,

of ordinary dray type, and others were
of steel with straight spokes cut out of

steel plate and given a twist where
they were riveted to hub and felloe.

In every case the propulsive force, or

drive, was communicated, whether by
chain or gearing, either through the

hub or through a ring attached to the

spokes, and, therefore, the spokes and
their attachments had to withstand the

strain of driving. But in the case of

the steel wheels, at least, it is probable
that this cause was not entirely re-

sponsible for their failure, and that the

set and cobble roads over which they
were driven had much to do with it.

As a result, steel wheels were aban-
doned and the heavy type of artillery

(wood) wheel became the standard
form for all motor lorry work. With
this type trouble was at first experi-

enced with the tires. The usual prac-

tice with wooden wheels hitherto had
been to weld up a ring for the tire and
to heat and shrink it on to the felloe.

It was found, however, that thin

tires would soon roll out and crack,

while with tires of the section it was
desirable to employ (about 5 inches

wide by $ inch thick) the mass of
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metal was such as to cause charring of

the wood felloe in the process of

shrinking it on; and the subsequent

jarring, to which the wheels are con-

stantly subjected in use, caused the

tires to become loose by reason of the

breaking up of the burnt surface of the

wood. The final practice with this

type of wheel, and that holding at the

present day, is to use weldless steel

hoops and to squeeze them cold on to

the felloe by means of a hydraulic or

other tire setter.

In the construction of a driving

wheel for motor vehicles the following

are the principal practical considera-

tions, and they may be taken as the

conditions necessary to a perfectly sat-

isfactory wheel :

—

i.—It must be capable of carrying

the required load, which, in some

to it at a point intermediate to hub and
felloe.

3.—It must be of sufficient diameter
and width of tire, the latter particular-

ly, to enable it to run over ordinary
roads without cutting them and so ab-

sorbing a large amount of power.
4.—The tire must be such, apart

from width merely, that it does not

damage the road.

5.—The tire must also be such that

it will not spin or skid under slippery

conditions of paved and greasy roads,

or in frost.

6.—The wheel must be sufficiently

resilient to insure for it a reasonable

life without jarring to pieces when
running over very hard, uneven
ground, such as set paved roads.

7.—The wheel should not be un-
duly expensive either in cost or main-

F1G. 2. AUTOMOBILE EQUIPPED WITH ROUSSEL ELASTIC SPOKE WHEELS MADE BY MM. CADIGNAN & CIE., PARIS

cases, may be as much as five tons per
wheel, and with this load it must with-

stand the strain of being driven over
the ground at considerable speed.

2.—It must be capable of transmit-

ting power through itself, either from
the hub or from a chain ring secured

tenance, though in view of its impor-
tance the former is of minor moment
compared with the latter.

In the case of pleasure cars and the

lightest class of good vehicles, the

problem is much simplified by the pos-
sibility of employing solid rubber or
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pneumatic tires. Where the latter

can be used, the only considerations of

real moment are Nos. 5 and 7, though
devices for prevention of slipping

should not be such as to damage the

roads. The problem of how to pre-

vent spinning and side slipping is,

perhaps, the greatest which confronts

all motor users.

In the case of those vehicles using
pneumatic tires, the difficulty is met
by a variety of devices, some of which
are incorporated in the tire, some are

loose attachments at the rim of the

wheel, while others are mechanical
contrivances entirely independent of

the wheel.

These various devices are under
trial at the time of writing, and more
will probably be known of their effi-

cacy before this appears in print; but

it is doubtful if any of these methods
would be of practical value when ap-

plied to the intermediate class of vehi-

cle using solid rubber tires, and cer-

tainly they would be absolutely useless

for the prevention of skidding of

heavy vehicle wheels. But as regards
light motors, both this and the varie-

ties of tires are matters upon which it

is not proposed to touch in the present
article, though there is much to be
said about them.
While on the subject of light and

medium vehicles, however, the ques-
tion of expense may be considered for

a moment. The ideal wheel and tire

are, of course, those which combine a

maximum of comfort to the passenger
as well as a minimum of shock and
stress to the motor, with low first cost

and small maintenance expense, and
according to the nature of the case, so

will the balance of these points vary.
The influence of speed on the type

of wheel employed (and the tire is here
regarded as an integral part of the
wheel) is very considerable, and the
greater the speed, the softer needs to

be the running of the wheel. In the
case of pleasure cars, therefore, pneu-
matic tires are almost universally
adopted, in spite of the expense in-

volved, since, apart from the prime
consideration of comfort, the use of

even solid rubber tires would soon tell

its tale on the other parts of the wheel
as well as upon the rest of the car.

With pneumatic tires the design of

the rest of the wheel is comparatively
unimportant so long as it is of suffi-

cient strength, and as the loads are

l'ght, this involves no difficulty. The
cycle type of tangent spoke wire wheel
was at one time first favourite, but has
now been generally superseded by the

artillery type, shown in Fig. 1. In the

case of the high-powered and heavy
cars, the side strain is a factor to be
reckoned with, and in the racing Wol-
seley cars, Fig. 3, this has been con-

sidered by staying the rims to pro-

longed hubs by supplemental wire
spokes.

The expense of pneumatic tires and
their liability to puncture has led to

attempts to replace them by solid tires

and to achieve the same end of soft-

ness of running by other means. Un-
doubtedly the best place to absorb
road shocks is at the point of incep-
tion; the nearer to this point, the bet-

ter. For this reason, among others,

shock-absorbing devices incorporated
in the hub are generally unsatisfac-

tory.

Other devices which have been de-
signed for the purpose, usually in-

volve sliding or telescopic spokes, or

a system of levers, with rubber pads or

springs interposed. Here, however,
the pressure is taken on a small sur-

face of rubber, which soon perishes,

while springs are liable to fracture as

well as to variation of tension. At all

events, complexity is added. Moving
parts in a wheel should be sedulously
avoided.

Perhaps one of the most hopeful of

elastic spoke devices is that known as

the Roussel wheel, made by MM. de
Cadignan & Cie., of Paris, in which a

series of spring steel hoops take the

place of the usual straight spokes, as

shown in Fig. 2.

These hoops, being securely fixed

to both hub and felloe, involve no
moving parts, and yet give consider-

able elasticity to the wheel.

With the weight of the vehicle the
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expenses of pneumatic tires, both in-

itial and running, increase rapidly un-
til they become prohibitive. There is

also a practical limit to the weight

the same, but of course with its parts

proportioned to the extra weight and
power of the machine. With these

classes of vehicles, so great a speed is

FIG. 4. THE GARE WHEEL, MADE OF WEDGE-SHAPED WOODEN BLOCKS WITH A BEDDING

OF SOFT RUBBER

which can be carried by such tires as

at present made.
In a table published by Michelin,

giving the weight per axle and horse-
power for various sizes of tire, no tire

is shown of greater size than 120 mil-

limeters, and the maximum weight per
axle suitable to this tire is stated to be
under 24 cwt., while the maximum
horse-power at the driving wheels is

given as 18 to 20. Thus, in the case

of motor omnibuses and vans for me-
dium loads, pneumatic tires are dis-

carded in favour of solid rubber tires,

the general design of wheel remaining

not required, though having regard to

the total running weight, it is consid-

erable and some form of cushion tire

is desirable.

Where the commercial class of vehi-

cle is concerned, as distinguished from
the purely pleasure car, the matters of

wheel cost and maintenance, particu-

larly the latter, become of vastly in-

creased importance while mere com-
fort is of quite secondary consequence.
At the same time regard must be had
to the wear and tear of the machine
as a whole, and it becomes a question

of how far "wheel expense" will save
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"vehicle and machine expense." Of
course, in the case of public passenger
vehicles, comfort has still to be con-
sidered if dividends are desired, and
in consequence the wheel expense
may be increased beyond what would
otherwise be advisable.

Solid rubber tires of one type or an-

other, and there are many, are usually

fitted, and in the case of public pas-

senger vehicles, the cost of mainte-

nance of wheels may be about £250
per vehicle per annum. Or, put an-

other way, the rubber tires for such a

vehicle cost from 2-Jd. to 3^d. for every

mile run.

Returning now to the heavy class of

motor vehicle—lorries constructed for

of the question, and obviously, also,

the wheels themselves must be of spe-

cial construction if they are to con-
form to even the absolutely essential

conditions of the list mentioned.
Actual practice varies according to

the type of vehicle and the conditions
under which it will generally run.

Normally, for service upon ordinary
English roads, the wheels are of the

artillery type, having metal hubs, oak
spokes, ash felloes, and steel tires.

They are generally about 3 feet 3
inches in diameter and have tires

about 6 inches wide. For heavier

vehicles the diameter and tire width
are increased, the present maximum
practice being 5 feet for the former

FIG. 5. COMPOSITE WHEEL MADE BY THE LANCASHIRE STEAM MOTOR COMPANY, LTD., LEYLAND

loads of 4 or 5 tons, the total moving
weight will be 10 or 11 tons, and, in

certain cases, may be as much as 15

tons. Obviously, any form of pneu-
matic or even solid rubber tire is out

and 24 inches for the latter. Both di-

mensions directly affect the crushing

of the road and consequently the

draught of the vehicle, and Mr. Doug-
las Mackenzie, as the outcome of ex-
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FIG. 6. WAGGON WITH STEEL SPOKES CAST INTO THE HUBS. I

STEAM MOTOR CO., LTD., LEYLAND
iDE BY THE LANCASHIRE

periments which he made, has found
that increase in diameter has more
effect than width of tire in preventing
road damage.

In his evidence before the Depart-
mental Committee of the Local Gov-
ernment Board he stated, "from ex-

perience of roads within 50 miles of

London, that it is necessary with a 3-

foot driving wheel and a total load on
the axle of 10 tons, to provide a tire

not less than 12 inches wide, and with

3 feet 6 inch wheels, not less than 11

inches wide. If with such axle loads
the tires are less than this width, they

will be found to cut into flint roads
and damage the surface."

The recommendations of this com-
mittee, upon which the regulations for

heavy motor cars will be based, follow

the same line. In effect, they advise

that with the maximum permitted

axle load of 8 tons, and using a wheel

3 feet in diameter, the width of tire

shall be about 10^ inches. If the di-

ameter be increased to 4 feet the tire

width may be reduced to about 9^
inches, and conversely the tire must
be wider for a less diameter than 3
feet, but in an increased proportion.
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If such regulations be introduced,
they should be of benefit both to the

motor waggons and to the tfoads on
which they run, but they will involve

some modification in the design of

wheels.

It will not be a difficult matter to

build steel wheels to comply, but it may
mean the final blow to the artillery

type, as it will not be easy to obtain

suitable wood of the requisite section,

and at least it must make this type of

wheel more expensive. The regula-

tions proposed would, however, ap-

pear to draw distinctions in favour of

a wheel with a non-metallic resilient

tread, and this may lead to the intro-

duction of other forms. At present

the "Gare" wheel, Fig. 4 (to be re-

ferred to later) seems the only impor-
tant one of this class. The artillery

type of wheel (previously mentioned)

ered necessary to have the wheels
repaired. This, however, must be
reckoned a performance above the

average, and it should be noted that

the drive was taken direct on to the

felloe and not through any other part

of the wheel.

Owing to the great weight borne,

and to the fact that the driving strain

is generally transmitted through the

spokes, as well as to the comparative-
ly insecure attachment between spokes
and felloe, the first sign of weakness
in these wheels will manifest itself in

the loosening and working of the

spokes and sections of the felloe.

To meet this difficulty as well as to

give a better support to the felloe than

can be done with ordinary spokes, a

special form of wheel, Fig. 5, has been
designed by the Lancashire Steam
Motor Company, Ltd., of Leyland,

[•HE WHEELS HERE HAVE SPOKES MADE OF STEEL PLATES CUT SO THAT ALL THE SPOKES ON EACH
SIDE ARE IN ONE PIECE. MADE BY THE LANCASHIRE STEAM MOTOR CO., LTD.

as now used, has proved to be fairly

satisfactory in general. In one case

known to the writer, the driving

wheels of a 4-ton steam waggon work-
ing on good macadam roads ran for

about 9000 miles before it was consid-

Lancashire, and also adopted as stan-

dard by them after considerable trial.

This wheel has hollow spokes which
are cast all in one piece together with

a steel rim. This rim has a narrower
circumferential band around it which
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fits into a corresponding recess in the

wood felloe, and the usual steel tire,

being squeezed on afterwards, holds

all tight. A somewhat similar form of

wheel is adopted by the Hercules Mo-
tor Company, but in this case the rim,

or under felloe, takes the form of a

channel in which the felloe proper is

held.

Wheels of these types would prob-

ably be found the most satisfactory all

around, but with increased loads and

cordingly, built-up steel wheels are

again being tried.

One usual type is that with com-
paratively narrow mild steel spokes,

cast into the hub and rivetted to a tree

or angle-ring felloe on which again is

rivetted an outer steel or iron tire in

sections, generally taking the form of

diagonal cross strips. This wheel,

manufactured by the Lancashire
Steam Motor Company, Ltd., of Ley-
land, Lancashire, is shown in Fig. 6.

FIG. 8. DOUBLE PLATE INTERLACED SPOKE WHEEL MADE BY THE THORNYCROFT STEAM
WAGGON CO., LTD., BASINGSTOKE

the soft ground which the motors
sometimes encounter, it is difficult to

provide sufficient diameter of wheel
and width of tire in this form. Ac-

This type is the one generally used in

traction engine practice, and with va-

riations in the arrangement of the

spokes and in the section of the felloe
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rings, it is now being employed by
several steam waggon makers.
Another type is constructed of mild

steel plates cut in such a way that all

the spokes from each side of the hub
are in one piece, and are rivetted to

both hub and felloe. This wheel,

made by the Lancashire Steam Motor
Company, Ltd., is illustrated in Fig. 7.

A variation is to use separate plate

spokes and to rivet each to both
hub and felloe.

With each of these types the

arrangement of spokes may
vary. Sometimes the spokes

from opposite ends of the

hub are butted together at the

felloe, but more often they are

alternated and interlaced, being

sufficiently spaced to be really effec-

tive in preventing spinning and skid-

ding, they are liable to damage the

roads, and therefore conditions 4 and 5
are not both complied with. Number
7 may be considered fairly well satis-

fied in view of other issues involved.

In the case of number 6, however, the

wooden wheels are only fairly satis-

factorv, while all the forms of all

FIG. 9. CAST STEEL WHEELS ON ONE OF THE WAGGONS OF THE THORNYCROFT STEAM WAGGON CO... LTD.

taken to the opposite of two tee rings

at the felloe. A wheel of this type is

made by the Thornycroft Steam Wag-
gon Company, Ltd., of Basingstoke,

and is shown in Fig. 8.

Another type of all-metal wheel,

shown in Fig. 9, which is employed by
the Thornycroft Steam Waggon Com-
pany, and which is coming into favour

with other manufacturers, is cast com-
plete in one piece from a special grade
of crucible steel. This has no separate

outer tire, and there are no rivets in

its construction ; if cross strips are

needed for gripping purposes, they are

cast on with the wheel.

All of these wheel types comply
with numbers 1, 2 and 3 of the condi-

tions previously enumerated. If the

tires are provided with cross strips

steel wheels must be reckoned dis-

tinctly unsatisfactory. The continual

hammering to which they are subject-

ed when travelling over setts, as in

Lancashire for instance, causes con-

stant trouble with the rivets, while the

mild steel spokes themselves fracture

after a time.

Repairs to the artillery type of

wheel can generally be simply and

cheaply effected, but in the case of the

wheel with cast in spokes, and in that

of the complete cast wheel, a fracture

practically means condemning the

whole wheel. The cast-steel wheel,

however, seems to last longer with less

trouble than the built-up wheel, owing
to the absence of rivets.

To overcome the difficulty of ob-

taining- considerable resilience with a
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steel wheel having a wide tire, and at

the same time to obviate the trouble of

slipping, the Boulton wheel was in-

troduced. This type of wheel, fitted

to a traction engine built by Messrs.
Aveling & Porter, Ltd., of Rochester,
is shown in Fig. 10. In this the felloe

is a casting, round the circumference
of which, or what would otherwise be
the tire, are two or more rows of

holes alternately spaced. Blocks of

type of wheel, under circumstances
which require it, are sufficient com-
pensation. The construction of this

wheel necessitates its being of consid-
erable diameter ; it is very heavy, and
its initial cost is great, which causes
have combined to prevent its adoption
for the motor waggons.

So far as the wheels of light loco-

motives (or motor cars, as the new act

calls them ) are concerned, not one of

FIG. II. A DOUBLE PLATE WHEEL MADE BY THE LANCASHIRE STEAM MOTOR CO., LTD.

hard wood in metal cases, but with
their outward ends exposed, are loose-

ly inserted in these holes and are re-

tained in place by spring-backed bolts.

The wheel in consequence has practi-

cally a wooden tire which effectually

nullifies the hammering effect of the

setts upon the wheel. The blocks, of

course, require renewal from time to

time, but this is not very expensive,

and the advantages gained by this

the types at present in common use
complies satisfactorily with condition

number 5. The law ordains that tires

shall be smooth, and consequently di-

agonal cross-strips at sufficient inter-

vals to be of value are not permitted

to the light road locomotive as they
are to its heavy confrere.

Various other devices have been
suggested and tried to overcome this

greatest bane of motor transport, but
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mostly with doubtful or only partial

success. They generally consist of

some form of removable attachment
to the tire, such as an outer ribbed

tire in sections, or a long-link chain

of special design. The former is used
with Thornycroft waggons, and the

latter with Savage's "Universal Car-

rier
"

Leyland vehicles are fitted with a

series of studs which are screwed
through felloe and tire from the under
side and sufficiently long to enable

them to be screwed out beyond the tire

as they wear down. This is perhaps
the most satisfactory arrangement, as

it is self-contained in the wheel and is

always there when wanted, which is

not invariably the case with detach-

able devices.

Such anti-slipping devices are

termed snow shoes or frost studs,

which is explanatory of the purpose
for which they are primarily intended,

and they would be of very doubtful

legality if used under other condi-

tions on the public highway. But
probably no device of this kind would
prove of any value upon greasy, paved
roads, where it is really most in re-

quest.

Perhaps the most hopeful and cer-

tainly the most interesting wheel for

heavy motors is that recently invented

and introduced by Mr. Gare, of Liver-

pool. This wheel is illustrated in Fig.

4. So far as the writer has been able

to judge of it from a few months' ac-

tual experience, this wheel would ap-

pear to comply very well with all the

requirements enunciated, except per-

haps where special circumstances ne-

cessitate a very broad tire.

The wheel is constructed of wooden
blocks which are cut wedge shape at

suitable angles, and placed tangen-
tially to the hub. The tread or wear-
ing surface is formed of V-shaped
blocks which fit into the centre blocks,

but which are insulated from them by

a bed of soft rubber so arranged that

the load is distributed over a large sur-

face. The elasticity of the rubber,

consequently, is not destroyed by ex-

cessive pressure and long usage.

The wooden blocks are thoroughly
impregnated with a special rubber so-

lution, making them impervious to the
effects of wet or dry, heat or cold.

The blocks are held together by steel

bands round the face of the wheel,
but in such a way as not to restrict

the working of the wearing surface

blocks while yet distributing the pres-

sure at the surface of contact with the

ground over a large proportion of the

rubber.

There is no tire proper with this

wheel, the wear being taken partly on
the rims, but mostly on the wood, and
both can be easily renewed when
necessary, though it would appear
that the amount of wear to be obtained
is very much greater than might be
supposed.

The construction of this wheel
makes it impossible for any shock to

be conveyed direct to the nave, any
vibration being distributed over and
absorbed in the wheel. The resilience

of this wheel is extraordinary, while
it combines the further advantages of

silence and non-slipping qualities.

This article does not profess to

treat the subject fully, but only to in-

dicate the difficulties, requirements,

and a few types of wheels in general

use or specially deserving of notice.

To mention all the wheels, which have
been designed of late years to over-
come the disadvantages, real or sup-

posed, of existing types, would require

a volume. Some are ingenious, but
have never found a market, while
others can be classed only as freaks.

But there is room for a really satis-

factory motor-driving wheel which
shall fulfill all the conditions men-
tioned in this article, and motor users

are anxiously awaiting it.



SIGNALLING IN WAR SERVICE

WITH TELEGRAPH AND TELEPOHNE

By M. C. Sullivan

A JAPANESE TELEPHONE OUTPOST

THE lesson which the Japanese
have taught the Russians on
the plains of Manchuria, and

incidentally the entire world, is that

the science of war has become so exact
and its instruments of execution so

terrible that individual or national

heroism, when pitted against long-
range rifles and cannon, smokeless
powder, high explosives, and electri-

cal methods of communication, manip-
ulated by men of skill and ingenuity,

can no longer be depended upon in

determining the result of war.

It is not so much the bravery of

Japanese soldiers that is causing the

world to wonder at their prowess, as it

is their ability to carry out the superb

strategy of their generals, avail them-
selves of the most intricate of mechan-
ical aids to warfare, and do it in the

certain, frictionless manner of well-

oiled machinery. To the layman read-

ing descriptions of the recent battles

in Manchuria, and comparing them
with the world's great conflicts pre-

vious to ten years ago, the greatest

difference perhaps will seem to be in

the massing of troops for hand-to-

hand struggles in the earlier fights,

and the open formations and long-

range firing in the others; this differ-

ence results largely from the vastly im-
proved weapons in use by the armies
now in conflict in the far East.

The student of military affairs will

see, however, that the most striking

difference is in the comprehensive sig-

nal service of the Japanese Army as

compared with the crude and unre-
liable means of battle communication
used in the great fights of the past.

From an intelligence department de-

pending upon messengers on foot and
on horseback, upon the slow and un-

reliable "wig-wag," and other visual

methods, to the best-equipped, officered,

and manned electrical signal corps

that has ever appeared on a battlefield,

is the main difference between the

older armies and the new one of Japan.
It has often happened that battles

have been rendered abortive and in-

decisive because neither of the oppos-

47i



472 CASSIER'S MAGAZINE

« fc

s g



SIGNALLING IN WAR SERVICE 473

A WIG-WAG STATION

PHOTO COPYRIGHTED BY G. UPTON HARVEY

ing commanders was able to keep
himself informed as to what was tak-

ing place even at short distances away
to the right or left of his position. The
Japanese generals, mindful of Napo-
leon's maxim, "le secret de la guerre

est dans le secret des communications"
(the secret of war is in the secret of

communication), and the knowledge
that many of the disasters which have
overtaken armies was due to inade-

quate means of intercommunication,
caused the military geniuses of Japan
to develop a signal system that would
do away with the transmission of or-

ders and intelligence by slow and un-
certain foot and mounted orderlies.

The result has been that electricity has
never before played so important a

part in warfare as it does with the

Japanese.
Every general of brigade in the field

is connected by wire with his division

commander, and the generals of divi-

6-3

sion are in touch by telegraph or tele-

phone with the corps commanders.
The necessity of sending aides in every

direction with dispatches and reports

is a thing of the past. Through the

telephone system the commander-in-
chief can communicate with all his

subordinates, and where two or more
of these subordinates are engaged in

the same movement, they can keep in

touch with one another and develop
the plan in absolute unison.

There is something almost humor-
ous in the idea of the commander of a

regiment calling up by telephone a

brother officer commanding another
regiment some wild night among the

Manchurian hills and asking him if he
is ready for some desperate charge,

just as one might ask a friend to meet
him at supper after the theatre; but
where victory or death hang in the

balance, the knowledge that the other
man is ready is worth much. By thus
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applying modern methods of electrical

communication, the effective strength

of the Japanese Army in the field is

much greater than its size would indi-

cate. The work of their signal corps

is largely the work of the electrical en-

gineer. Visual signals for communi-
cation in the field, except in isolated

instances, have been relegated to sec-

ondary place.

The Japanese, with their natural

ability for adaptation and develop-

ment, would not tolerate any method
of communication but that which
would bring the most distant outpost

of Manchuria within a few minutes of

Tokio, and enable the Mikado to

maintain touch with his troops. The
result has been seen all through the

present war with Russia in the evolu-

tion of the Japanese Army, which in

the complete subordination of its often

widely separated parts, and the abso-

lute and instant control exercised by
the commander over the whole field of

operations, shows a mechanical accu-

racy of movement and direction that

seems either instinctive or wonderful-
ly fortunate.

In all their operations, the lines of

communication follow the movements
of the troops. Thus, the Japanese of-

ficers, whether in camp or on the fir-

ing line, are in instantaneous touch
with every portion of their commands
both night and day, without regard to

distance, weather, or topographical

conditions. The extraordinary strat-

egical combinations which they have
made against the Russian Army are

the greatest military marvel of mod-
ern times, and have blocked the ad-

vance of a nation whose vaunted ag-
gressiveness and might made it a ter-

ror to the world.

If war to-day were a matter simply
of might and physical courage, as it

was in olden times when men fought
with swords and battle axes, there
would be little likelihood of Japan
gaining even a single victory against
a nation like Russia. In the use of

high explosives, and in the rapidity of
fire from infantrv and artillery, no ad-
vantage lies with the army of Japan.

But the Japanese have called upon the

inventor and the skilled electrician to

aid their military and naval command-
ers, to a far greater extent than have
the Russians. Both the telegraph and
telephone, but particularly the latter,

have been chiefly responsible for their

victories.

The operations of the Japanese
since the commencement of the strug-

gle comprise many of the most inter-

esting tactical combinations ever un-
dertaken in war. These features have
been conspicuous in every department
of their army. Many military experts

have spoken in terms of the highest

praise of the Japanese commissary
and medical departments. It is the
general opinion of those experts who
have witnessed the field operations in

Manchuria, that the effectiveness

which these departments have shown
is largely due to the excellent com-
munication maintained at all times be-

tween both temporary and permanent
camps.

In even a greater degree does the

Japanese signal service contribute to

the success of their artillery move-
ments. This is due to the fact that the

artillery commander can locate his ob-
serving stations at distant points from
which the effects of the fire can be
noted. These stations as well as the

different batteries being connected by
telephone with the artillery headquar-
ters, give an artillery commander an
extraordinary power of control, and
upon his skill depends to a great ex-
tent the success or failure of a battle.

Although the Japanese Army de-

pends chiefly on the telegraph and tel-

ephone for communication, their sig-

nalmen are adepts in the visual meth-
ods, and do not hesitate to use them
if necessary, whether it be wig-wag-
ging or heliographing by day, or

lights by night. The wig-wag can be
worked successfully up to 10 or 12

miles, but only under the best weather
conditions and by the use of powerful
telescopes. The ordinary range, how-
ever, is about 6 miles, and even then
its usefulness at the front is impaired
by the fact that frequently the signal-
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HELIOGRAPHING FROM A HILL TOP
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man must expose his position to the

enemy.
The heliograph is an instrument of

great range, and can successfully be
used, under perfect conditions, up to

50 miles. In this instrument, mirrors

are so arranged that rays of sunlight

may be projected in any desired direc-

tion, a shutter being used to interrupt

the flash. Ordinarily, it must be used
from an elevated position in order that

the flash be not intercepted by ob-
structions. But it is at the same dis-

advantage as the wig-wag, in that the

operator exposes himself to the enemy.
For night signalling, powerful flash

lanterns having about the same range
as the wig-wag are sometimes used.

While the visual svstems have the ad-

vantage of simplicity and ease of oper-

ation, they are practically useless in

bad weather or in rough country

where the view is much obstructed.

The telegraph is used to greatest

advantage in the rear of an army,
where the lines of communication are

long and well protected. The tele-

phone has practically all the advan-
tages of other means of communica-
tion and none of their disadvantages.

It has also many advantages peculiar

to itself. The Japanese use it as the

principal instrument for field work.
The extensive use of the telegraph,

and the still more extensive use of the

telephone, require the services of

trained electricians and telegraph op-

erators, and the Japanese have sup-
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plied them by drawing men from
all departments of electrical work
throughout the country. The army
thus gains the advantage of the years

of training which these men have se-

cured in industrial life. The work
which they are doing in the field very

closely resembles that which they have
been doing as a means of livelihood in

times of peace. The difficulties are, of

course, greatly increased, but since the

best electricians in Japan are at the

front, no obstacle, it seems, has been
encountered by them too great to

overcome.
The rapidity with which the Jap-

anese establish telephone communica-
tion is remarkable. Lines are laid well

in advance of the main body of troops,

even when the army is advancing by
forced marches, and perfect connec-
tion is maintained at all times between
the different divisions. Wherever con-
ditions permit, the reels of wire and
the instruments are carried in wag-
gons. The line is laid on the ground
as rapidly as horse-drawn vehicles can
advance. If the line so laid is to be-

come permanent, a detail follows the

waggon at leisure and attaches the

wire to trees or hastily erected sup-

ports.

For "flying lines," or lines in the

zone of action, which connect the com-
mander's headquarters with the vari-

ous divisions on the firing line, the de-

tail following the reel waggon merely
lays the wire in protected places on
the ground where it is least likely to

be disturbed. These lines may be
taken up, moved, or abandoned, as the

occasion demands. Where the nature
of the country or other conditions

render the advance of a waggon im-
possible or inexpedient, the line is ad-
vanced by men carrying coils of wire
on their shoulders.

The scouting parties as they ad-
vance to observe the enemy or obtain

information regarding the country, are

accompanied by telephonists, who un-

coil their line as the scouts move for-

ward. The scouts are thus able to re-

port their observations directly to

their commanders and receive instruc-

tions from headquarters. When the

scouts are called in or are forced to

fall back, the line may be recovered by
the telephone men, or abandoned after

disconnecting the instrument. If the

scouts are captured, the operator at

the other end of the line is made in-

stantly aware of it by the cessation of

signals, and the line is useless to the

enemy.
It is thus evident that the use of the

telephone in the field eliminates the

time element in the transmission of or-

ders and information, and is a guaran-

tee against mistakes. It also affords

a means of communicating orders with

absolute secrecy.

In some great battles, divisions have
been left idle for hours and much-
needed reinforcements have been held

in check, with resultant disaster, be-

cause the means of rapid communica-
tion was lacking. It has occurred,

also, that a retreat at one point and an

attack, real or feigned, at another,

would have saved an army from de-

feat,—movements that were not made
because the commander lacked infor-

mation of what was taking place at

these points, or if he was informed,

lacked the means of promptly order-

ing the necessary moves. That the

Japanese commanders are at no such

disadvantage is made clear by their

successfully outclassing the Russian

strategists in the field all the way
from the Yalu to Liaoyang, by their

great victory in overcoming the for-

midable fortifications on the land side

of Port Arthur, and also by their re-

cent advances, which have forced the

Russian army back, almost in rout, to

Mukden.



ELECTRICITY FROM WATER POWER VERSUS GAS

By Alton D. Adams

GAS is falling behind in competi-
tion with the transmitted en-

ergy of falling water. This is

true in the three fields of light, heat,

and motive power, and is best illus-

trated at the present time in the

United States, where the building of

large hydro-electric plants has been
going on at a rapid rate.

One proof of the comparative gains

of transmitted water power is found in

its rapidly increasing use at points

where gas rates are the lowest. Take
for illustration the three great Ameri-
can centres of transmitted energy
from waterfalls, namely, San Fran-
cisco, Buffalo, and Montreal. At each
of these cities the net price of illumi-

nating gas is very nearly, if not exact-

ly, $i, or 4 shillings, per iooo cubic

feet, and this is as low as such gas is

usually sold anywhere in America.
In spite of this low gas rate, the sale

of electric energy from distant water-
falls has risen during half a decade
from almost nothing to 10,000 horse-
power in San Francisco, more than
20,000 horse-power in Buffalo, and
nearly 30,000 horse-power in Mon-
treal. These figures do not represent
merely the results of substituting

water for steam power at electric gen-
erating stations, but correspond in

large part to increased loads on the

electric supply systems.

Whatever have been the changes in

the volumes of gas distributed in these

three cities during the past five years,

it is very safe to assume they can show
no such increase as that just indicated

for electricity from water power. This
conclusion is supported by the fact

that at Montreal the gas output in-

creased only 6 per cent, between the
year ending April 30, 1903, and the
year ending April 30, 1904. During

the same period the combined income
from sales of both gas and electrical

energy in Montreal increased 13 per

cent., and almost all of this energy was
transmitted from water power.

In Hartford, another city that has

drawn most of its electrical supply

from water power since the year 1900,

the number of kilowatt-hours distrib-

uted during the year of 1903 was 28
per cent, greater than the number for

the year of 1901. This increase in

sales of electric water power has taken

place in the face of a gas rate of $1 per

1000 cubic feet.

Referring again to the case of Buf-

falo, it may be stated that, besides il-

luminating gas at $1 per 1000 feet,

the city is supplied with natural gas

at only 30 cents per thousand; this

natural gas, as is well known, has a

heating power of about 1000 units per

cubic foot, or 50 per cent, greater than
that of illuminating gas as regularly

made.
The failure of gas to hold its own in

competition with electricity developed
by water power is due in part to the

superiority of the electric service, and
in part to the higher cost of gas for

equal results. Between gas lighting

and electric lighting of equal candle-

power at the same price, few con-

sumers would hesitate to choose the

latter, not only because of its more
pleasing quality, but also on account
of the added fire risk with the gas
flame and its vitiating effect on the

air. At the same cost of operation per

horse-power-hour, who would not

choose the clean, cool, silent electric

motor, with its great overload capac-

ity,, rather than a steam or a gas en-

gine ? So also in the matter of heating

and cooking, the gas stove with its fire

risk, its offensive odours, and its con-
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stant outpour of the products of com-
bustion, is far less desirable than the

safe, odourless electric heater that

works no change in the composition

of the air. But the price is the great

arbiter of choice, so let us now see

whether electricity costs more or less

than gas.

It takes an extra good quality of il-

luminating gas to yield 16 spherical

candle-power at an open bat's-wing

flame that consumes only 5 cubic feet

per hour. At the lowest regular rate

for illuminating gas from even the

largest plants, namely, $1 per 1000

cubic feet, the cost of the 16-candle

flame is thus ^ cent per hour.

In many places supplied with hy-

draulic-electric plants, the rates for

energy used in lighting are less than
10 cents per kilowatt-hour, but even at

this rate the cost of operating a stand-

ard 50-watt, 16-candle-power incan-

descent lamp is only -| cent per hour,

or the same as that for the gas flame
of equal illuminating power. Of
course, more illumination per cubic

foot of gas can be obtained with man-
tle gas burners than with an open
flame, just as the arc lamp gives more
light than the incandescent lamp, per

unit of energy. But despite this ad-
vantage of mantle burners, their cost

and the undesirable quality of the light

they give prevent their general use for

interior illumination.

Gas of so low a price as $1 per 1000
feet is not available in the great ma-
jority of cities and towns that are sup-
plied with^ electricity developed by
water power, because the cost of gas
manufacture depends much on the size

and rate of operation of the plant
where it is made. This fact makes the
comparative rates of gas and electric-

ity for lighting in the majority of

places that are supplied with electrical

energy from water power, even more
favourable to electricity than previ-
ously indicated.

In the matter of general heating, il-

luminating gas is sometimes thought
to have a great advantage over elec-

trical energy, but this supposed ad-
vantage is not so evident upon analy-

sis. Good illuminating gas yields

about 650 heat units per cubic foot

with perfect combustion, but where
the combustion is imperfect the heat-

ing effect is much less. In any event

the gases of combustion carry away a

large percentage of the heat devel-

oped, and as these gases must be dis-

charged into the outer air to avoid

vitiation of the atmosphere in heated

buildings, the heat that they con-

tain is lost. Through imperfect com-
bustion and the loss due to the

high temperature of its products, the

heat available from gas is probably

reduced by as much as 50 per cent.,

or to no more than 325 units per cubic

foot. At the low rate of $1 per 1000

cubic feet, the 325 heat units are thus

obtained for 0.1 cent.

One kilowatt-hour is the equivalent

of 3438 heat units, and when that

amount of electrical energy is ex-

pended in a heater the exactly corre-

sponding amount of heat energy is de-

veloped. Where electric energy is de-

voted to general warming, there is no
loss whatever between the heater and
the air of the building. Because of

the fact that electrical energy for gen-

eral warming can be used at those

times of day when other loads are

comparatively small, and because no
exact regulation of pressure for the

heating load is necessary, a rate as low
as 1 cent per kilowatt-hour is not in-

frequently made for it in hydraulic-

electric system. This rate gives 343
heat units for 0.1 cent, in comparison
with the 325 units obtainable from gas.

In some cases the rate for electric en-

ergy from water power drops as low
as 0.5 cent per kilowatt-hour for heat-

ing purposes, thus giving 686 units

for 0.1 cent.

In the field of industrial heating for

cooking, welding, the reduction of cer-

tain chemical compounds and the like,'

electrical energy from water power
has a great advantage in cost over gas,

because of the rapidity of the electric

action and its power of concentration

at a particular point. Take for in-

stance an electric welding machine at

work on steel frames for carriage
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"dashers"; here at least a score of elec-

tric welds are made in the time that

would be required for one made with
gas heat.

Little is now heard of the gas en-

gine in competition with electricity

developed by water power, for the

simple reason that gas has been com-
pletely distanced in the race. With
gas that yields 650 heat units per
cubic foot, a good gas engine at near-
ly full load will develop 1 horse-power
for each 20 feet of gas consumed per
hour. The cost of gas per horse-

power-hour is thus 2 cents at the low-

est regular rate of $1 per 1000 cubic

feet. At partial loads the efficiency ot

the gas engine falls rapidly, and the

cost of its power therefore rises.

One kilowatt of electrical energy
will develop fully 1 brake horse-power
in all motors save those of the smallest

sizes, when loads are varying from
one-half to full capacity. As electric-

ity from water power is fiequently

sold as low as 1 cent per kilowatt-

hour for motive power purposes, it is

no wonder that successful competi-
tion of gas engines with electric water
power is difficult to find in practice.

HANDLING COAL FOR THE POWER HOUSE

By H. S. Knowlton

AT every step in the design of a

power plant it is important to

realise that the generation of

electricity, whether it be from the po-
tential energy of coal or the kinetic

energy of a waterfall, is a manufac-
turing process. Precisely the same
methods of obtaining operating effi-

ciency apply to the establishment
where the output is kilowatt-hours as

in the plant where the product is shoes
or machinery. In laying out a plant,

therefore, which is to produce electric

power at a profit, we must select

equipment of the proper proportions,
install it with due regard to the se-

quence of operations which mark the
transformation of energy from the

coal pile to the bus-bar, and finally,

operate the plant with a minimum ex-
pense for labour consistent with rea-

sonable demand upon the men and re-

liable service.

The handling of coal is the first

process to be considered. The sub-
ject is too large to be effectually dis-

posed of in a few paragraphs, but it is

certainly worth while to emphasise a
few points which are often overlooked
in the design of power plant fuel sup-
ply. In most modern factories the

force of gravity is utilised at every

possible point in the handling of ma-
terial. The manufacturer has long
realised that the cheapest way to

transfer material from one place to

another is to let it fall to the desired

place. Hence, one often sees a fac-

tory in which the raw material goes to

the elevators but once, and then to the

top of the building, whence it falls,

stage by stage, to the shipping floor,

practically without the touch of hands,

as far as its transportation is con-

cerned.

Many of the larger power plants are

so designed that the coal is fed to the

boilers by gravity, but a still greater

number of small or medium-sized
plants are operating to-day under con-

ditions which demand two or three

handlings. Sometimes the local con-
ditions in the way of restricted space

prevent anything better, but this is

not the general situation. The cost

of an extra helper or two in the

boiler room does not look very formid-

able at $1.50 per day each, but the

matter appears different when these

wages are capitalised. At 5 per cent,

interest it pays to spend almost $9000
to eliminate such a man if he works
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but 300 days a year, while if he works
every day in the year, it pays to spend
at least $10,000 to replace him. Of
course, in figuring a particular case of

replacement, the fixed charges and op-
erating expenses must be taken into

account, as well as the comparative
performance of both man and ma-
chine.

It would scarcely seem necessary to

say that coal should be brought to the

power station as directly as possible,

dumped by gravity into a place where
it will have to be handled but once, if

at all, on its way to the furnaces, al-

ways weighed by the consumer, and
stored in bins which can be reached in

case of fire. In some cases it may pay
a consumer to rent or own his coal

cars, in order that he may secure the

benefit of the gravity dumping type.

It is a waste of time and money to

shovel coal out of cars into bins situ-

ated below the track level, and yet

more than one plant pays the cost of

such needless work to the railways.

Sometimes a plant will install an
elaborate gantry crane for the purpose
of transferring coal which has been
dumped from the cars to a certain

level to storage bins at the same level.

It would seem as though the invest-

ment of perhaps a little more money
in railway tracks and switches would
have cut down the cost of handling
the fuel by eliminating one dumping.
After going to the expense of instal-

ling and operating the crane, the coal

is sometimes allowed to fall into small
cars which must be pushed by main
strength of human muscle into the

boiler room. The results in the cost

of handling are obvious.

Separate bins or storing compart-
ments, with fireproof bulkheads be-
tween the different sections, are potent
preservatives when a fire starts in one
corner of the coal pile. In like man-
ner, the coal pockets are good places
in which to install thermometers and
automatic thermostat alarms. No
chances of losing the coal supply
should be taken. Fire hose and
plenty of water available are the es-

sentials in case of trouble.

Power plants located on tide water
can generally be designed for the min-
imum of coal handling. Usually it is

impossible to avoid hoisting the coal

from the barge, but if this is done
with a motor-driven hoist discharging

into a mechanical conveyor system, or

better, directly into the main bins, the

cost of handling will be brought down
as low as is possible. When the pow-
er house is located on an inlet which
is too shallow for coal barges and tug-

boats to enter, the only recourse, ex-

cept dredging, is to haul the coal from
the wharf to the power station. This

should be done in the company's own
coal cars, and not by teams, as is

sometimes the case.

The question sometimes comes up
as to the quantity of coal which should

be stored at the power house bins.

There is no definite answer, for the

problem depends upon the size of the

plant, the capacity of local coal yards,

the cost of coal, amount used per day
or week, available space, time to ob-

tain deliveries, etc. In general, it is

safe to keep several weeks' supply on
hand, as the interest on the real estate

charges, including the cost of bins,

plus the interest on the coal, is a small

sum compared with the loss which the

community and the company would
sustain in case the plant had to shut

down for lack of coal. The danger
from fire should never be urged as an

argument against keeping coal on
hand. Improvement is possible in

many coal-handling plants through
the use of fire-resisting steel or con-

crete in place of wooden structural

parts.

The ideal coal-handling plant is one
in which no coal is wasted. It is very

common to see coal scattered about

the yards and boiler rooms of power
stations to the detriment of both the

appearance and the economy of the

outfit. A little care in this respect

will repay the trouble which it takes.

In practice, it is seldom possible to

obtain the results secured with a per-

fect plant, but such results can at least

be approached by an intelligent con-

sideration of each installation.



THE WATER SUPPLY OF COUNTRY BUILDINGS

By fm, Paul Gerhard, G E., M. Am. Soc. M. E.

PART -GENERAL CONSIDERATIONS

N a former article on
"The Water Supply
of Modern City Build-

ings," printed

in this maga-
zine for Octo-
ber and No-
vember, 1904,

I discussed the

various ar-

ra'ng ements
for inside
water supply.

In the case of

buildings in

the country,

the engineer

engaged in the

problem of

water supply has to look,

not only after the inside

water supply, but he must,

in the majority of cases, also provide,

plan, and design the entire outside

water supply system.

In building a country home or in

locating a public institution beyond
the limits of a city, the need of a pure,

reliable, and ample water supply

should be one of the chief considera-

tions. In advising on the methods of

obtaining it and in preparing the plans

for it, a great many points have to be
considered. The advantages and dis-

advantages of the different schemes,
which offer a possible or a suitable

solution of the problem, must be care-

fully weighed before making a de-

cision. Rather than make a decision

for themselves, owners of country
mansions or estates and superinten-

dents of institutions should seek the

disinterested advice of a competent
engineer.

482

The order in which the different

points of importance are taken up is

usually as follows:—The available

sources of supply, be they springs,

wells, brooks, rivers or lakes, surface

water, or rain water, must be ex-

amined. The location of the proposed
source of supply usually determines
the question whether a gravity supply
or a pumping system has to be adopt-

ed. The quality of the water to be
used is of the foremost importance;
its determination involves chemical
and bacteriological analyses, as well

as examinations of the water sources,

their surroundings and of the water
shed. As a rule, mountain springs

and deep wells yield pure and whole-
some water; shallow wells and water
from rivers or ponds must be consid-

ered dangerous until their purity is es-

tablished; cistern water and surface

water from cultivated farm land must
be viewed with suspicion.

Means for the prevention of the con-

tamination of the source of supply
must in many cases be provided, while

in others, measures or methods for the

purification of the water have to be
designed and planned. The quantity

of water available from the source se-

lected must be compared with the

quantity estimated as the probable
consumption; it is likewise necessary
•to determine, at the outset, the water
pressure required for domestic use and
also for fire protection. Should the

water have to be pumped, various sys-

tems may be adopted, such as pump-
ing to a reservoir, to an elevated

tank, to a stand pipe, to house tanks,

or else the water may be pumped di-

rectly into the mains or into pressure

tanks.
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This subject naturally leads to the

consideration of the next matter of im-

portance, which is the determination

or selection of the pumping plant and
of the power to be used for lifting the

water. This, in the case of the smaller

farm buildings, may be hand power or

animal power; in the case of larger

country houses, gas, hot air, gasoline,

oil, electricity, the force of the wind or

the power of water; in the case of in-

stitutions, it may be either steam or

electric power.
The water to be pumped must be

stored in reservoirs or tanks, and here

again several methods are available,

such as the construction of a stone or

earth reservoir, the erection of wooden
or iron tanks on wooden, iron or ma-
sonry supports; the building of a stand

pipe, either open or enclosed, and
finally the use of pressure tanks, lo-

cated either in the cellar or outside of

the building and underground. After

pumping and storing the water, it

must be brought to the buildings

where it is to be used; this involves

the consideration of the inside and
outside water supply distributions and
the arrangement in detail of the water
piping. Of the greatest importance
in the case of country houses or insti-

tutions, located far away from the pro-

tection which a good city fire depart-

ment affords, is the provision for in-

door and outdoor fire protection ap-

pliances, for which an ample volume
of water must be instantly available.

In determining upon a source of

supply, it is well to bear several facts

in mind, namely, first, that the nearer

it is to a settlement of houses, the

smaller will be the cost of a water
supply system, but the greater be-

comes the risk that the water may
be, or may become, unfit or dangerous
for use; second, that surface sources,

such as springs, dug wells, and shal-

low driven wells yield, as a rule, a sup-

ply limited in volume; third, that

where larger pure supplies are re-

quired, deep or artesian wells should

be provided; and fourth, that the lat-

ter are not liable to pollution from sur-

face impurities.

In some parts of the country springs

yielding a pure water abound, and it

is, of course, best if they are found lo-

cated at an elevation considerably

higher than the house and grounds to

be supplied, so that the water may
flow by g.avity. A spring issuing

from the soil at a lower level than the

house to be supplied always requires

some form of pumping machinery.

In contemplating a supply by tap-

ping a spring, it is of the greatest im-

portance to give attention to the

variation in the yield of the spring,

which may occur regularly at the dif-

ferent seasons of the year. It often

happens that when a spring, examined
only in the early months of the year,

is selected, it will be found that its flow

becomes so reduced during a dry sum-

mer or early autumn as to be quite

insufficient for the requirements of a

building. It is obviously much safer

in such cases to defer the examination

or the gauging of a spring until dry

weather sets in, and to select a spring

only in case it yields, even at such

times, an excess of water over the sup-

ply required. For the protection of

the spring against contamination it is

necessary to wall it in and to con-

struct a small storage basin to store

up the night flow and to hold a reserve

of water. This basin should have a

tight cover, or a house built around it,

to exclude surface impurities, dust,

light, and animals.

Wells are used in the country more
than all other sources of supply.

Water from wells is really rain water

which has percolated through the soil

down to a water-bearing stratum; it is

rain water purified by natural filtration

through percolation, but sometimes

changed in character by reason of hav-

ing taken up mineral constituents of

the soil; it is underground water the

same as spring water, but in the case

of the spring the water has found or

forced a natural outlet, whereas wells

have to be dug, driven or drilled and

the. water must be lifted. Although it

is usual to distinguish between shallow

and deep wells, there is no sharp de-

marcation between the two, and the
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designations "shallow" and "deep"
really refer more to the nature of the

subsoil into which a well is driven

than to the depth of the well. Wells
which are sunk to a depth of from 15

to 30 feet into a superficial layer of

gravel or sand, which, in turn, rests on
an impervious stratum, are considered

to be shallow wells; deep wells are

those which go through earth or rock

to tap a water sheet at a greater depth.

Nearly all shallow wells must be

looked upon with suspicion because

they are liable to become, or to be,

polluted, particularly in populous dis-

tricts, but not to a lesser degree on
the farm when located close to out-

houses and cesspools, or to a stable

for horses or to cow barns. Shallow
wells are constructed either by dig-

ging a hole of sufficient diameter, and
lining it after completion with stone

or brick walls—the so-called "stein-

ing" of wells (see Fig. 1)—or else they

consist of small wrought iron tubes,

1^ to 3 inches in diameter, driven into

the ground to the depth of the under-

ground supply (see Fig. 2). It should

be noted that the diameter of a well

has not so great an influence on the

yield of water as is commonly thought.

FIG. I—A WELL PROTECTED AGAINST

POLLUTION
FIG. 2—A DRIVEN-TUBE WELL
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Deep wells in sanely or gravelly

soil are driven or bored with tools

similar to an auger, or else a casing is

forced through the earth, into which
the well pipe is inserted after the

proper depth has been reached. In

other cases, particularly in rocky
strata, driven wells are drilled with
special well tools or chisel drills,

which are alternately raised and al-

lowed to fall, being at the same time
rotated. Deep wells are very often

designated as artesian wells, though,
strictly speaking, the latter term
should be applied only to such wells in

which the water flows out on the sur-

face.

pensable. The tubes for deep driven

wells must be large to accommodate
the deep-well pumping appliance ; as a

rule, the diameter is from 6 to 10

inches. In pumping water from deep
wells the working plunger must usu-

ally be located at a great depth below
the surface and is not readily reached
for repairs.

If one is obliged to use an open
cesspool for the drainage of the build-

ing, which method is never to be
recommended, it is of the greatest im-

portance, in locating a dug or driven

well, to examine first into the direction

of the flow of the underground water.

In one particular locality which I have
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FIG. 4.—ANOTHER PLAN OF WELL BATTERIES

Wells of a moderate depth usually

yield a good quality of water, whereas
very deep wells give, as a rule, a hard
water, unsuited for boiler use and in

the laundry. Wells located near the

sea-shore sometimes yield brackish
water, if the rate of pumping from the

well exceeds the normal flow. Along
the southern Atlantic Coast of the

United States many deep wells are

driven, which, though charged with
sulphur gases, yield a good water for

the reason that the sulphuretted hy-
drogen is soon given off.

Wells taking the water at a great
depth from the surface, are usually

more permanent than surface supplies,

but they are much more expensive.
Where subterranean waters are to be
utilised for supplies, the engineer
would derive valuable assistance from
the knowledge of an expert geologist.

In certain complex problems the lat-

ter's services are, indeed, indis-

in mind, many wells on farm proper-
ties may be found located "above" the

cesspool, the contention apparently
being that any soakage from the latter

into the underground water course
will not contaminate the well, as the

flow will be away from the well. In
this locality one frequently encounters
the assertion that those wells which
have a source of contamination above
them are dangerous to health, whereas
those which have cesspools below
them are safe. It should be under-
stood that the words "above" and
"below" refer not to the slope of the

surface, but to the direction of the un-
derground flow, but even with this

understanding the proposition is not

by any means always true.

Pumping a large volume of water
from a well without doubt would alter

the above conditions, for its effect

would be not only the lowering of the

water in the well itself, but also the
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FIG. 6.—COLLECTION OF UNDERGROUND WATER THROUGH A BRICK COLLECTING GALLERY

lowering of the surface of the under-
ground water sheet for a certain dis-

tance all around the well. This dis-

tance, as is now well known, would
increase with the amount of the pump-
ing and thus sources of contamina-
tion, like outhouses or cesspools,

which ordinarily might be beyond the

influence of the well, may be brought
within the zone of contamination.

The question whether a well may or

may not become contaminated by a

cesspool is, therefore, not merely a

question of distance and of depth, but
the means for drawing the water from
the well must be considered. With
an old-fashioned bucket, drawing only

a few gallons at a time, the danger
may be very slight, whereas if a large

pumping engine should be put over

the same well, the risk may become
such as to render the use of the well

prohibitive. Care should be exercised

in so arranging all dug wells that they

are well protected against surface pol-

lution by arranging at the top a tight

covering to shed all surface water and
by providing the upper end of the well

with a water-tight lining or wall, sev-

eral feet deep, as shown in Fig. I.

Driven or tube wells are, in the

majority of cases, much safer than dug
wells, because there is not the same
amount of danger of pollution by sur-

face leakage. On the other hand, it

is true that very often a driven well

may yield water unfit for drinking be-

cause the water comes from an already
polluted underground water stratum.

Where a large volume is required,

several wells are driven and then con-
nected together, forming a battery of

wells (see Figs. 3 and 4). The man-
ner of connecting the wells to a pump-
ing station is shown in Fig. 5. Where
such a system of driven wells, all con-
nected to one suction line, is used,

there is apt to be trouble with air and
the greatest care is required to make
the suction pipe line perfectly tight.

It also happens at times that one well

may rob the adjoining one of water,

particularly if the rate of pumping is

excessive.

Another method of utilising the sub-
terranean water is to have a horizon-
tal collecting gallery, built either of

glazed earthen pipes of large size and
provided with numerous slots, or by
building a brick collecting gallery,

open at the sides (Fig. 6), the bottom
of the conduit being located on the

level of the impermeable stratum.

This conduit for underground water
should terminate in a brick well from
which the water is pumped, while at

the same time any sand or gravel car-

ried in the water is deposited at the
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bottom of the chamber. Recent ex-
perience has shown that it is neces-
sary, in the storage of underground
waters, to keep away the light, as

otherwise there is apt to be trouble

from vegetable growths, imparting to

the water a bad odour or taste or both.

In the country, rain water is always
much purer than near large towns,
but the water collected during the first

part of a storm is often quite impure.
Therefore proper precautions should

or stone reservoirs called cisterns. In
determining the sizes of these, the an-
nual mean rain fall of the locality

should be looked up from meteoro-
logical records. After making due
allowance for evaporation, the water
supply available for storage may be
calculated. Instead of merely utilising

the limited roof area, portions of the
surface of the ground may be used if

carefully prepared with concrete and
cement.

FIGS. 7 AND 8.—SURFACE WATER IMPOUNDED BY A DAM IN THE CASE OF A MAIN AND TWO
SIDE VALLEYS, AND ALSO IN THE CASE OF A SINGLE VALLEY

be taken to let the first washings from
the roofs run to waste, and if this is

done, rain water may be considered a
suitable supply in the case of smaller
houses or farm buildings. So-called
self-acting rain water separators may
be arranged on the outside conductor
pipes of the house and in this way a
pure supply can be secured, even in

the case of large buildings or institu-

tions, in which use of the soft rain

water can be made for laundry and
boiler-feed purposes.
The rain water is stored either in

rain water tanks, in the attics of

houses, or else in underground brick

6-4

In the Bermuda Islands, for in-

stance, the water supply of the towns
and parishes is obtained from the rain

fall exclusively, the porosity of the

coral rock causing the rain to perco-

late so quickly as to render the use of

wells impossible. Every visitor to

these islands must have been struck

with the fact that no matter how heav-
ily it rains, the roads dry up entirely

in a few hours, owing to the peculiar

geologic formation. Neither subter-

ranean waters nor springs being avail-

able, nearly every house is provided

with an undei ground cemented stor-

age tank, which is connected either
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with roofs finished with thin slabs or

slates of the coral rock, or else the

tanks are connected with so-called

surface catchment areas, which are

specially prepared gathering areas

with a good slope. These are some-
times quite extensive and are always
enclosed with a railing to keep off the

cattle. Underneath the artificially

prepared area, and at the lowest point

of this slope, an underground tank for

storage of water is built. The water
supply of the entire islands is obtained

in this way, and great care is exer-

cised to keep the ^oofs and the catch-

ment areas pure, clean, and white-

washed.
Another source of water supply may

be found in brooks or in running
streams. Subterranean waters are not
subject to legal restrictions, but the

taking of water from open streams is

limited by such considerations. A
knowledge of these will prove useful

to the engineer undertaking works of

water supply in the country, and the

law must be carefully considered be-

fore any works are planned or under-
taken. These legal restrictions will be
briefly taken up further on. In con-
sidering open water courses, whether
brooks, or rivers, as sources of supply,

it should be remembered that even in

the country such streams are in many
cases in danger of pollution by the

surface washings from manured fields,

and in the case of small rivers the

water is often found to be quite im-
pure and unfit where settlements of

houses, hamlets, or villages are lo-

cated above the proposed intake. The
supply may be improved by providing
a filtering gallery between the stream
and the suction well or reservoir.

Smaller streams, particularly in moun-
tainous districts, are liable to dry up
entirely in hot summer weather and
should, for such reasons, be avoided
as sources of supply.

The water from lakes may be used
as a supply, provided there are no set-

tlements along the shores which may
cause pollution of the water. As a

rule, the larger the lake, the greater
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the likelihood of obtaining a pure sup-

ply, but even the smaller lakes, as, for

instance, those located in the moun-
tains, in sparsely inhabited regions,

may be kept fit for use provided a

stringent sanitary supervision is exer-

cised.

Water from surface streams may be
utilised by collecting it in an artificial

storage reservoir formed by building a

dam across the valley of a stream (see

Figs. 7 and 8). Such impounding

water supply is often beset with diffi-

culties from the engineer's point of

view.

In many water supply problems,
and in particular in the selection of an
available source of supply, engineer-

ing questions are not the only ones to

be dealt with, for legal considerations,

which must be understood and re-

spected, govern or affect the problem.
The laws on the subject seem to vary
in different countries, and there ap-

-THE ELECTRICALLY DRIVEN PUMPS FOR HOUSE AND FIRE SERVICE WERE SUPPLIED BY THE
KNOWLES STEAM PUMP WORKS, NEW YORK. THE MOTORS WERE SUPPLIED BY THE

GENERAL ELECTRIC CO., SCHENECTADY, N. Y.

reservoirs are to be found in many
mountain regions where the land may
be acquired cheaply, and where a gen-
erally short dam may be constructed
across a narrow valley. It is, of

course, necessary that there be no set-

tlements or manured fields on the

drainage area forming the water shed
of the stream; the brushwood, vege-
table matter, the peatty soil forming
the bottom of the reservoir should be
carefully removed; and in some cases

strict regulations should be provided
for the guarding against pollution of

the water supply from a "dammed up"
water shed.

Enough has been said in the fore-

going to show that the problem of

finding a safe and sufficient source of

pears to be a sharp legal distinction

between waters flowing over the sur-

face without a clearly marked channel,

those which flow in an open natural

water course, and underground
waters. Briefly stated, the water
flowing in an open stream is not the

exclusive property of anyone. Its

use, subject to certain restrictions, is

given by law not only to the owner
over or through whose land the water

flows, but to everyone having a right

of access to it. In other words, all

owners of land abutting on a stream

enjoy certain privileges of this stream

which are known as the "riparian

rights." Thus, every one of the ripa-

rian owners of a stream has a right to

the ordinary use of the water flowing
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along his premises. He may use the

water from the stream for domestic
supply for his house and for his cattle

and horses and in this way he may
diminish its volume of flow to some
extent.

The right to extraordinary uses of

the water, such as for water power,
irrigation or manufacturing purposes,
he has only provided that by such use
he does not change its character, or

diminish its flow, or make it less use-

ful to the other owners, and in this

way encroach upon the legal rights of

his neighbours above and below
stream. He cannot, for instance, in-

tercept the regular flow of water in

the stream for the purpose of a water
supply of a settlement of summer cot-

tages to such an extent as to interfere

thereby with the rightful uses of water
by the other riparian owners. Also,

he must not discharge domestic or

manufacturing sewage into the stream
and thus render the water impure or

polluted. Those living further down
stream must not by his acts be robbed
of the ordinary water which they as

well as he require for water supply in

the home, for the farm, etc. The
rights which they have by law can be
interfered with only provided there is

a mutual understanding or where a

legally sufficient compensation is

given.

On the other hand, in the case of

underground water, no such rights of

neighbours are entertained by the law,
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hence anyone may dig or drive on his

own property a well, of any depth, to

tap the underground sheet of water,

irrespective of the fact that by so do-
ing he lowers the water in the well or
in the springs of his neighbours. An
exception to this rule is made by law
only in the case of subsurface water
which flows in a defined channel.

Surface waters, finally, unless they
constitute by law a stream with chan-
nel confined between two banks, are

not subject to any legal restrictions.*

From the foregoing it will be seen
how necessary it is, in the case of

country water supplies, for the engi-

neer to become thoroughly acquainted
with the legal aspects of the case. It

will be found that in the plans for

water supply for country settlements

it is often advisable or necessary to ar-

range suitable terms with the owners
of the land on which a spring is situ-

ated, or in other cases with the ripa-

rian owners of a stream from which it

is proposed to take a water supply.

In the case of gravity supplies, it

sometimes becomes necessary to run
conduit pipes across other land, and
this cannot be done unless an ease-

ment is first obtained, which gives one
person the privileges of right of way
and also the right of entry for neces-

sary repairs. The person who ob-
tains the easement acquires thereby
also certain rights against the neigh-
bour, for instance, the right that he
can enjoin him from building houses
or planting trees over the line of ease-

ment. It would, therefore, seem
necessary that a proper compensation
should be given for the rights acquired
by the easement.
The sources of supply considered in

the foregoing may, in reference to the
building to be supplied, be located
either above or below the same. If at

a suitable elevation above the build-

ing, a gravity supply can be arranged
for in the case of surface waters,

* See Appleton's Universal Cyclopedia, Articles
on Riparian Rights, Water Courses, Filum Aquae,
Lakes, Seashore, Law of Rivers. See also E. B.
Goodell, Review of Laws Forbidding Pollution of
Inland Waters in the U. S. Published by U. S.
Geol. Survey, 1904.

springs, lakes or brooks, and inas-

much as the gravity system requires

no running expenses after the supply
conduit has been constructed, it is in.

many cases given the preference over
a pumping system from wells, rivers,

or lakes. The distance between the

source of supply and the building has,

of course, an important bearing upon
the question of cost, and it is usually

best not to go beyond a certain dis-

tance, but rather to instal a pumping
plant.

Where a single source of supply
only is available, it is necessary to de-

termine the quality of the water be-
cause this may require special means
for its purification. When several

sources of supply are available, the se-

lection is sometimes determined after

a comparison of the physical and sani-

tary qualities of the water sources. It

is necessary, in all investigations of
this character, to examine not only the

physical characteristics of the water,

such as taste, colour, odour, tempera-
ture, turbidity, and hardness, but also

to subject a sample, or preferably sev-

eral samples, of the water to both
chemical and bacteriological analyses

in order to test its suitability from a

sanitary point of view. Modern
knowledge on the subject of water
supply requires that the results of the

different analyses should be taken to-

gether, much stress being laid now-a-
days upon the number and kind of

living organisms or bacteria in the
drinking water.

In addition to the tests mentioned,
a sanitary inspection of the source of
supply, or of the water shed or the
river basin and its tributaries, or of the

lake and its water sources should be
made. In the case of running streams-

it is considered insufficient merely to-

take a sample of water at the place
where it is intended to locate the inlet

to the pumps. It is very much better

to take additional samples above such
point and incidentally to determine by
an inspection the character of the
country in which the stream runs. It

will be found in many cases that the
water course is made use of by settle^
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ments located upstream, as a conveni-

ent outfall into which their sewers or

drains may empty. One must, there^

fore, make sure of both the present

purity of the supply and of its safety

from future pollution.

A source of supply may be ever so

favourable as regards its quality, but if

the quality available falls short of the

volume required, it may become nec-

essary to look for other sources. In

the case of small springs the quantity

yielded can usually be readily meas-
ured and small brooks or water
courses can be gauged by means of

weirs. For large and important build-

ings it is necessary, when a supply

from wells is desired, to drive test

wells and to ascertain the supply by
means of pumping. In this way the

quantity available is readily deter-

mined, and the next step is to com-
pare this with the quantity actually

required.

Right here it is well for the engi-

neer to remember that the allowance

in the case of country mansions should

be generous and ample, for on country

estates water is apt to be used very

lavishly. A fair allowance, as far as

the house itself is concerned, for water

used in drinking, cooking, washing,

bathing, ablutions, and flushing clos-

ets would be 50 gallons per head per

day, but the number of persons which
may occupy the building, or the pros-

pective population of an institution,

often have to be guessed at in making
an estimate, and this at once intro-

duces a factor of uncertainty. While
in cities, as we have seen heretofore,

the average daily consumption
reaches nearly 100 gallons, of which a

large quantity is actually wasted, we
find that public institutions, forming

a group of detached buildings in the

country, sometimes use enormous
quantities, such as 200 gallons and
over per capita. A part of this is in-

tentional waste, caused by leaving

faucets open to prevent the freezing of

poorly located plumbing, by too abun-

dant use of water in flushing fixtures

or in bathing, and the other part is

due to carelessness in not keeping the

water fittings of a house, the faucets,

ball cocks, and cistern valves in proper

repair.

In the case of large country man-
sions or estates we must add to the
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inside or domestic consumption the

large volumes of water required for

stable use, for the watering of horses

and cattle, for the washing of carriages

and harnesses, for the cow barns, the

dairy, etc., the allowance for these

items alone sometimes amounting to

from 50 to 200 gallons per day for

each horse and carriage. A further

large amount must be provided for the

watering of roads, for the sprinkling

of lawns and flower beds, for the or-

chard and vegetable gardens, and for

the conservatory, which amount rarely

falls short of 1000, and even 2000 gal-

lons per day; sometimes 500 gallons

per acre of ground are allowed.

Where ornamental fountains are pro-

vided in gardens, these also consume
a large supply, varying according to

size and number of fountain jets, at

from 50 gallons to several thousand
gallons per hour.

Finally, it is necessary to provide in

the storage of water a large volume to

be drawn upon in case of an outbreak
of fire, a danger which is ever present
and which becomes serious in propor-
tion to the remoteness of the buildings

from the nearest village or town fire

department.

The volume of supply which must
be provided should be available at the

buildings under a suitable pressure,

and here the engineer is confronted

with the question, what is a suitable

pressure of water to provide? It is

necessary, in order to answer this

question intelligently, to discriminate

between domestic service and fire ser-

vice pressure. Domestic pressure

means the pressure required to cause
the water to flow at the highest faucet

in a house under a moderate but suf-

ficient flow; or, if there is an attic tank,

the pressure which will constantly

keep the same supplied. Fire service

pressure, however, means a much
higher pressure, for fire streams must
be thrown above the roof of a house
with some force in order to be
effective.

With the usual height of buildings

in the country, it is considered by en-

gineers that the pressure of water suf-

ficient for fire extinguishing purposes
should be from 40 to 60 pounds per

square inch. In the case of large ho-
tel buildings, 60 pounds in the base-

ment or on the ground floor are the

minimum requirement of fire under-
writers. In some cases such pres-
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sures are furnished by gravity sup-

plies; in other instances, even with

gravity supplies, the water must be
pumped to give a sufficient head of

pressure. The latter is usually at-

tained by providing large tanks on
towers built of a sufficient height. It

should be remembered that, where
small fire hose is used, the friction in

the hose is very large and thereby re-

duces the height of the fire stream con-
siderably.

Only a few exceptional cases occur
where the natural or gravity pressure

is too heavy, and where, in conse-

quence, in order to avoid any exces-

sive straining of the house pipes and
fittings, the pressure must be reduced.

This is accomplished by using pres-

sure regulators or pressure reducing
valves, but it may be said that the use
of these is not to be recommended ex-

cept where it is absolutely necessary,

as even the best of them give occa-

sional trouble by getting out of order.

Having thus determined the source
of supply, the quality and the quantity

of water, and the desired pressure at

the building, the engineer is enabled

to decide upon and lay out a supply
system, which in the special case un-
der consideration should be looked
upon with greatest favour as being the

best, most sanitary and most economi-
cal in first cost and in cost of main-
tenance. A gravity supply always
seems to be the most desirable and it

is sometimes, though not always, the
cheapest in the first cost, while it is

always cheapest in regard to main-
tenance and running expenses. A
pumping system requires either man-
ual labour or skilled attendance for

the pumping machinery and is, be-

sides, liable to give trouble on account
of the breaking down or the wear and
tear of the latter.

A gravity system may be installed

with or without storage tanks, though
it is preferable to provide the latter.

A pumping system requires the use of

reservoirs located on suitably high ele-

vations, if such are available, or else

elevated tanks or stand pipes to secure
the required storage and pressure.

Sometimes pressure tanks are substi-

tuted for reservoirs, and in a few cases

the pumps discharge directly into the

supply mains to the buildings and are

then provided with relief valves open-
ing when the pressure becomes exces-

sive. The latter modification does
not provide any storage for domestic
or fire purposes and hence requires the

pumping plant to be laid out in dupli-

cate.

As an example of a complete water
supply and fire protection of a large

hotel building in the country, a brief

description is given of the water sup-
ply of an American hotel, the Mount
Washington, situated in the White
Mountains, near the base of the chain

of mountains known as the "Presiden-
tial Range." Th,s large building,

shown in Fig. 9, is provided with two
distinct systems of supply, namely,
one a pumping supply from a series of

wells, and the other a gravity supply
from a mountain brook.
The wells are seventeen in number

(see Fig. 4) and were obtained by
means of well-driving machinery, an
8-inch casing having been first driven

down through the gravel to a depth of

from 30 to 40 feet. Into this casing a

5-inch galvanised iron well pipe was
lowered; each well was provided with
a cleanout and with a valve to shut it

off, and the different wells were lo-

cated on both sides of a main suction

line, made 5, 6, 8, and 10 inches in

diameter, and which delivered the

water to a closed suction chamber con-

nected with the pumps. The aggre-
gate yield of the seventeen wells was
about 1050 gallons per minute, the

water being pure in quality and of a

very low temperature.

The pumping station contains two
electric triplex double-acting direct-

connected power pumps (see Fig. 10),

namely, a house pump rated at 350 gal-

lons per minute, and a fire pump rated

at about 800 gallons per minute.

These pumps delivered the water
through an 8-inch pumping main into

a series of three wooden tanks (see

Fig. n) each of 50,000 gallons capa-

citv, and from these tanks a 12-inch
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delivery pipe was carried to the site of

the hotel. The elevation of these tanks
was about 150 feet above the base-

ment of the hotel, thus giving a pres-

sure of about 66 pounds per square
inch.

The 12-inch main to the hotel was
subdivided into two 8-inch lines,

which run along both fronts of the

building and are connected at the ends
and also at intermediate points so as

to form a continuous loop. From the

8-inch main there are about twenty 6-

inch laterals running to outside fire

hydrants, and there are also a number
of 3-inch and 4-inch supplies for the

inside plumbing, the elevator service

and the refrigerating plant. (See
Fig. 12.)

In addition to the well supply, a

gravity supply was brought a distance

of over 4 miles through an 8-inch cast-

iron pipe which connected with the
8-inch pumping main from the pump-
ing station.

The montain reservoir contains ap-
proximately 1,000,000 gallons of
water, which are stored there by means
of a plain wooden dam thrown across-

the stream. (See Fig. 13.)

The fire pump was arranged to draw
either from the wells or, by means of
a separate suction, from an artificial

lake near by. With the pressure from
the tanks on the mountain several effi-

cient fire streams were thrown from
the hydrants reaching to some height

above the top of the building. In case

of an accident to the 12-inch main, the
water could be delivered from the

tanks to the hotel through the 8-inch

pipe line, and vice versa.

Part II. of this article, devoted to the consideration of details, will appeal in the May number

I -



THE APPRENTICESHIP QUESTION IN AMERICA

By Frank T. Carlton

THE apprenticeship question is

" rapidly growing in importance
in America. The growth of

large shops employing highly special-

ised and systematised methods, the

corresponding decrease in the number
of small general shops, and the chang-
ing character of immigration are three
of the important conditions which are

pushing this question into the fore-

ground. What are the sources from
which American skilled workers of the

near future may be drawn ? How are
they to be trained? What should
be the proportion of apprentices to

the present number of journeymen?
These are the three fundamental ele-

ments in the problem now confronting
the American employer.
The introduction of minute division

of labour, the extreme specialisation

of classes of labour, and the rise of the

large shop, have greatly reduced the

opportunities for acquiring the thor-

ough knowledge of a trade. The ap-
prentice working side by side with the

journeyman is now rarely found, for

two reasons,—present shop methods
have reduced the relative, if not the

absolute, number of all-around men,
and they have also made the instruc-

tion of the beginner a burden upon
the journeyman.

In recent years there have been two
well-known sources of skilled men,

—

the little shop, and Europe. Many
foremen and skilled men in America
are Englishmen, Germans, and
Swedes. These two sources are dry-

ing up; the haphazard, trusting-to-

luck method of providing skilled

workers must necessarily be replaced

by some more systematic and ade-

quate scheme. Large business cor-

porations now plan for many years in

the future. They must plan for a cer-

tain and reliable supply of skilled men
as well as for customers and markets.

If the character of immigration is

changing, if the little shop is disap-

pearing, if the big shop without spe-

cial appliances or courses for appren-

tices does not furnish skilled workers,

special provisions must be made for

the employment and instruction of

apprentices.

Large manufacturers are beginning

to recognise the necessity of training

up a body of apprentices. About
eight years ago an investigation was
made of 116 prominent establishments

in the United States,—builders of en-

gines, machine tools, electrical appa-

ratus, and railway repair shops. Out
of the total of 116, there were 85, or

about 73 per cent, of the total, that

took apprentices. In 1902 a different

investigator found that 73 out of a

total of 112 shops took apprentices, or

about 65 per cent.

Railway shops have taken a firm

stand in favour of a well-established

and thorough system. The first in-

vestigator here mentioned found that

practically every prominent railway

shop in the country took apprentices.

During the last year or two many
agreements have been ratified between
different railroad companies and rep-

resentatives of the International Asso-

ciation of Machinists, but the writer

has failed to find one that did not pro-

vide for apprentices.

The usual rule is one apprentice to

every shop, and one extra apprentice

to every additional five journeymen
after the first five. The customary

length of apprenticeship is four years.

The company usually agrees that the

apprentice shall be advanced from ma-
chine to machine, or from job to job,,

as fast as practicable and desirable.
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Some agreements specify quite mi-
nutely as to the length of time which
an apprentice may be retained at a

given class of work. For example,
the apprentice rules of the Terminal
Railroad Association, of St. Louis,
specify that the apprentice shall serve

three years on machines and special

jobs, and one year on general floor

work; those of the Chicago shops of

the Chicago & Northwestern Railroad
specify,—tool room, 3 months; ma-
chines, 15 months; erecting floor, 12

months; rod and vise work, 6 months;
laying off, 3 months.; drawing room,
6 months; and testing room, 3 months.
In general, the agreements call for

ability to read and write English, and
a knowledge of simple arithmetic.

The apprentice age is usually 16 to 21

years, inclusive.

These examples show that appren-
ticeship has not wholly disappeared.
Apprenticeship is desirable chiefly for

two reasons,—to furnish an adequate
supply of skilled men, and to maintain
and improve the character and effi-

ciency of workmen. If, however, less

than three-fourths of the important es-

tablishments employing machinists
take apprentices, it is not probable
that a sufficient supply of skilled men
Will be furnished to satisfy future re-

quirements. And are we certain that

all the establishments included in the
list of those taking apprentices have
an adequate system ? In order to be-
come skilled in more than one single

class of work, a learner must be trans-

ferred from machine to machine, from
journeyman to journeyman, and from
department to department. On the

other hand, the interests of a foreman
lead him to keep a boy continually
upon one class of work rather than to

transfer him to other machines or de-
partments. In other words, the fore-

man is usually more directly interested
in the production of machines or tools

than in training future machinists.
In many respects the apprenticeship

question is similar to the labour prob-
lems in connection with immigration.
Like the average immigrant, the ap-
prentice works for low wages. The

constant and natural temptation for

the employers is to subdivide the work
and pass certain portions of it on to

the apprentice or unskilled worker.
Where this is done, the apprentice is

kept too long at a single class of work
and receives no adequate instruction.

Sooner or later the character of the

work done in that shop deteriorates,

unless there is an outside source from
which skilled human material may be
drawn. If outside sources can no
longer be depended upon, it is time for

all employers of skilled labour to take

steps to remedy the difficulty.

Temporary expediency is unfavour-
able to a thorough apprenticeship sys-

tem. It is only when an establish-

ment looks into the future that ap-

prenticeship becomes a vital question.

Aside from all ethical considerations,

can manufacturers afford, as a busi-

ness proposition, to omit all provisions

for teaching apprentices so as to main-
tain a future supply of trained and
skilled workers?
The testimony of an American re-

garding the industrial conditions of

Japan contains a lesson for manu-
facturers and other employers of

labour. Writing from Japan, he ob-

serves:
—

"Japan has no trade legisla-

tion whatsoever, no system of appren-
ticeship, no journeymen, no masters.

No one ever learns a trade, or even in

the course of time comes to thorough-
ly understand the work of his trade in

all its branches. The demand for

skilled or even half-skilled labour is

always in excess of the supply. For
instance, it took about two years to

build a stone bridge of only one arch
over a shallow creek, only 60 feet wide,

in Shimbaslie, Tokyo, and about the

same time to build a similar bridge at

Nihoubashi, Tokyo, over a creek only

a few feet wider." If this gentleman
has grasped the true situation, it will

be many years before Japan will be-

come an active competitor of Europe
and the United States in high-grade
manufacture. The lack of skilled men
and of opportunity to train such men
will prove a great handicap to this

progressive eastern nation.
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If the United States is to maintain

a high place among the industrial na-

tions of the world, she must have a

trained class of skilled workers. The
workers must be trained either in

school or shop, or in both. The trade

school is one solution, and a continua-

tion or revival of the old form of ap-

prenticeship is another method of

training. The latter is, however,
manifestly inadequate. The trade

school offers many opportunities for

scientific and technical training, but it

lacks the commercial motive. Its

products are rarely made under com-
petitive conditions. The motive for

the use of the latest machines and the

most rapid methods for organising the

shop system on a sound business basis

is lacking.

A combination of shop and school

training seems to offer greater possi-

bilities, and several of the best ap-

prentice systems in America are try-

ing to accomplish this. In the shop a

foreman of apprentices is employed
whose duty it is to see that the boys
are shifted from one machine or one
department to another at the proper
time.

School training is given in night

schools, which try to round out and
complete the shop instruction. This
duty should devolve upon the public

school, and the writer confidently ex-

pects to see such combination public

night schools in every large city with-

in a few years. Many believe, and the

reasoning seems sound, that a good
apprentice system, such as several

well-known firms have established,

coupled with public instruction in the

evenings or on Saturday afternoons,

is far superior to the trade school.

If an apprenticeship system is gen-
erally adopted, it becomes necessary

to roughly estimate the ratio between
the apprentices and journeymen.
What is the ratio which will maintain

a supply equal to the demand for
skilled men ? Without going into the
intricacies of the question, one rough
but approximate test may easily be
applied by comparing the number of
males in the United States of appren-
tice age with the total number of
males of journeyman age. The ap-
prentice age may be taken as from 16
to 19 years, inclusive. According to
the census of 1900, there were 2,981,-

065 males of this age in the United
States. If the journeyman age be
taken from 20 to 39 years, inclusive,
there were 12,466,309 males of this

age. If 20 to 44, inclusive, be taken
as the journeyman age, the number is

increased to 14,722,225. The ratio of
males 16 to 19 years of age to those
20 to 39 years is therefore 1 to about
4.18; in the latter case the ratio is 1 to
about 4.93.

This rough and easily criticised

method indicates that the ratio of ap-
prentices to journeymen should be at

least 1 to 5. If allowance be made for

a probable growth in the industry, it

seems reasonable that a ratio of 1 to

4-J would not be excessive, and would
not lead to an oversupply of appren-
tices in any industry.

If employers would institute a gen-
eral and adequate apprentice system
by means of which young men might
actually, not theoretically, be taught
the trade in which they are engaged,
much of the trade-union opposition to

the unrestricted employment of ap-
prentices would be removed, as well

as much of the demand for it on the
part of the employers.
The Amalgamated Society of En-

gineers in Great Britain does not
limit the number of apprentices, but
the apprentice system is rigid and
tends to maintain a high level of skill.

Both British employers and employees
recognise the desirability of an ade-
quate system.



THE MODERN HORIZONTAL STEAM ENGINE

AS EXEMPLIFIED IN BRITISH PRACTICE

By Leo H. Jackson'

Concluded from the March Number

THE standard design of horizon-

tal engine of Messrs. Tangyes,
Ltd., of the Cornwall Works,

Birmingham, is shown in Fig. 10. It

is made with cylinders up to 18 inches

by 36 inches. They also make corre-

sponding sizes of cross-compound
and tandem engines. These, as will be
seen, are of modern design, and are

made from a new series of patterns

on the interchangeable system. The
wearing surfaces are large, and are

provided with means of easy adjust-

ment.
The governors, according to specifi-

cations, are either of the well-known
Pickering construction, or, in the case

of the Tangye-Johnson valve gear, of

the Porter type. In either case the

governor is fitted with safety gear
which will automatically shut off the

steam if the governor belt should
break, and thus prevent the engine
from running away.
A larger class of Tangye horizontal

engine is shown in Fig. 11, the par-

ticular engine there illustrated having
cylinders 18 and 32 inches in diameter.

With a stroke of 48 inches it develops

425 I. H. P. at 70 revolutions per min-
ute with 120 pounds steam pressure.

The details of the Corliss valve gear

and the general design of the engine
are so clearly shown that any special

description is unnecessary. Messrs.
Tangyes state that many engines of

this class have been supplied by them
to the various gold mining companies
of South Africa.

The chief feature of the Tangye-
Johnson valve gear is its single-eccen-

tric gear. The eccentric drives a main

-STANDARD DESIGN OF CONDENSING ENGINE OF MESSRS. TANGYES, LTD., BIRMINGHAM, WITH
TANGYE-JOHNSON VALVE GEAR
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FIG. II. A 425- TANGYE TANDEM COMPOUND CORLISS ENGINE. BUILT FOR THE FERREIRA GOLD MIXING
CO., LTD., OF JOHANNESBURG, SOUTH AFRICA

distribution valve with a fixed travel.

This main slide valve operates the ex-
haust and compression independently
of the point of admission of the steam.
Upon its back is fixed a rocking
valve, having faces which alternately

open and close the steam ports. The
exact moment or point of the stroke
in which the closing takes place is reg-
ulated by right and left hand scroll

cams, operated directly from the high-
speed Porter type governor, so that
the point of cut-off is regulated auto-
matically by the speed of, or load
upon, the engine. The higher the
position of the governor the earlier

the cut-off, and vice versa.

In order to facilitate starting the
engine, a hand lever is provided for

keeping the rocking valve out of op-

-A TRUNK GIRDER FRAME, EXAMPLE OF SINGLE-CYLINDER ENGINE BUILT BY MESSRS. ROBEY & CO.

LTD., LINCOLN



5°4 CASSIER'S MAGAZINE



THE MODERN HORIZONTAL STEAM ENGINE 505

6-5



5o6 CASSIER'S MAGAZINE

eration, so that steam is admitted up
to three-fourths of the stroke by the

main slide valve. When the engine
has gained its normal speed the hand

FIG. IS. CROSS-SECTION OF ROBEY ENGINE CYLINDER

WITH RICHARDSON-ROWLAND TRIP VALVE GEAR

lever is released, and the governor
takes control.

Several representative types of drop-

valve engines made by Messrs. Robey
& Co., Ltd., of Lincoln, are shown in

Figs. 12, 13, and 14. Fig. 12 repre-

sents a single-cylinder engine with
trunk-girder frame. Cross-compound
and tandem engines are also made in

this style. Fig. 13 shows a cross-

compound condensing engine of the

"solid-bed" type, and Fig. 14 illus-

trates a similar engine with directly

connected generator for electric trac-

tion service.

Each of these engines is of the same
general type as regards the moving
parts, the principal differences being
in the construction of the beds. The
trunk-girder engine is of very solid

and massive construction, with ample
support under the end of the tubular

guide and a spreading base under the

main bearing.

For the heaviest class of work,
Messrs. Robey provide the solid-bed

type shown in Figs. 13 and 14, in

which engines the casting carrying the

main bearing is of great size and
strength. From the hold upon the

foundation afforded by the large area

of the base in contact with it, the

shock incurred by the sudden in-

cidence or removal of the wad is ab-

sorbed in the mass of the masonry
instead of being transmitted along the

girder frame to the cylinder. This
design is equal to the requirements of

direct-connected railway or tramway
generator sets, rolling-mill engines, or

other engines subject to severe

stresses.

Large bearings and heavy fly-

wheels are necessary in such cases,

and these have been amply provided
for in the specifications of Messrs.

Robey.
Apart from the all-important ques-

tion of rigidity in the engine frame or

bedplate, and the provision for ample
bearing surfaces in the main shaft,

crank pin, crosshead, and piston

—

after all these matters have been at-

tended to, the determining factor in

the choice of an engine should be the

valve gear. Messrs. Robey & Co.

FIG. 10. AN ENLARGED VIEW OF THE TRIP-LEVERS

were the pioneers in Great Britain of

the drop valve in its modern form, and
therefore a description of the well-

known Robey trip-valve motion is al-

ways certain to find a place in any



THE MODERN HORIZONTAL STEAM ENGINE 507

—£_ L

^A
*4r-|^

FIG. 17. CROSS-COMPOUND SLIDE-VALVE ENGINE BUILT BY MESSRS. MARSHALL, SONS

GAINSBOROUGH

FIG. l8. TANDEM-COMPOUND DROP-VALVE ENGINE BUILT BY MESSRS. MARSHALL, SONS & CO., LTD.

treatise on the modern horizontal

steam engine.

The increasing popularity of the

drop valve, owing to the now general

recognition of its value where super-

heated steam is employed, has already

been mentioned. The writer is not

aware of the precise date of its appli-

cation by Messrs. Robey, but merely

records a matter of common knowl-
edge in stating that their trip-gear

engines have been before the public

for many years, and that there are a

very considerable number of them,

some thousands probably, in use at

the present time.

The following description of the

Robey trip-valve gear is given from
information supplied by the manufac-
turers. The cross section given in

Fig. 15, and the enlarged detail of the

trip-levers in Fig. 16, show the whole
of the gear very clearly for one end
of the cylinder. The same lettering is

applicable to both engravings. The
upper end of the eccentric rod K
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moves in an arc of which the radius

is the link CC, and raises the valve A
by depressing the outer end of the

lever BB. This action occurs just be-

fore the commencement of the stroke.

Owing to the difference in the arcs

described by the end of the eccentric

rod and the end of the lever BB, the

tripper L slips out of contact at a cer-

tain point in the stroke and the valve

drops, cutting off the steam instanta-

neously, the tripper being knocked
down as it again passes upward.
To prevent the valve being injured

by coming down too heavily upon its

seat, the stem or spindle of the valve

is prolonged upwards, and terminates

in a small piston within an air cylinder.

A small air-cock at the bottom of this

cylinder or "dashpot" regulates the

descent, so that the valve falls rapidly,

but without concussion. This is the

whole of the mechanism concerned in

the admission and cut-off of the steam
at fixed points in the stroke, although
in the low-pressure

cylinder of a com-
pound engine the cut-

off point, when not

controlled by the gov-
ernor, may be raised

by screwing the set-

screws M in or out.

In the high-press-

ure valve gear the

governor effects a lat-

eral movement of the

fulcrum R of the lever

BB. Thus, with the governor at the

highest position the fulcrum R would
be moved towards the right, in the en-

gravings, to an extent which would
prevent the tripper L touching it at all

;

hence, the valve would not be lifted,

and no steam would enter the cylinder.

A movement of the fulcrum towards
the left, however, increases the dura-
tion of the admission period propor-
tionately to the height of the gov-
ernor collar at the moment. The
touch of a finger is sufficient to effect

the movement of the fulcrum, hence
the governor, though perfectly effi-

cient, is of very small size.

The exhaust valves are flat gridiron

or multiple ported slide-valves are so

clearly shown as to need no further

description.

Messrs. Marshall, Sons & Co., Ltd.,

of Gainsborough, Lincolnshire, make
horizontal steam engines in a large va-

riety of classes, in addition to their

extensive production of other types.

Three representative engines built by
this firm have been selected for illus-

tration, and are shown in Figs. 17, 18,

and 21. Fig. 17 represents a cross-

compound slide-valve engine with

triple expansion gear controlled by a

Hartnell governor; it is fitted with a

FIG. IQ. CROSS-SECTION OF ENGINE CYLINDER WITH
MARSHALL'S TRIP GEAR

very neat form of horizontal jet con-
denser, worked direct from the low-
pressure tail-rod. This type of engine
is made in sizes up to 400 effective

horse-power, and the design of this
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bed is, we believe, peculiar to Messrs.
Marshall. From its broad base under
the trunk and the continuous girders

in contact with the foundation, which
latter extend forward to a point con-

trunk-girder type, and owing to the

formation of the cylinders to suit the

drop exhaust valves, the gear for

which is below the floor level, the

whole engine is kept very low and the

FIG. 20. LONGITUDINAL SECTION OF ENGINE CYLINDER WITH MARSHALL'S TRIP GEAR

siderably in advance of the main bear-

ing, it would seem to be a very effec-

tive form for all but the largest sizes of

engines.

Fig. 18 shows a tandem drop-valve
engine, and Fig. 21 a -cross-compound
engine of similar build. These en-

gines represent Messrs. Marshall's

latest practice in the larger sizes, and
have been designed specially to ensure

economy in steam consumption; they
are of ample strength for steam pres-

sures of 150 pounds per square inch,

and for piston speeds of 600 feet per

minute. The frames are of the usual

cylinder bases are well extended later-

ally. All of these features tend to

produce stability. The chief interest

in these engines, however, centres in

the Marshall vale trip gear, with which
they are fitted.

Figs. 19 and 20 show a cross sec-

tion and a part longitudinal section of

the cylinder in a Marshall engine.

Before noticing the gear itself, atten-

tion is called to the fine clearance be-

tween the cylinder ends and the pis-

ton, the exceedingly small "lost

space" in the valve chambers, and
the excellent natural drainage of
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the cylinder towards the exhaust
orifice.

The steam and exhaust valve seats,

shown in black section, are inserted

and held in place by the covers above
and below them, respectively, with the

view of allowing their free expansion
and contraction without alteration of

form. The gear here illustrated is

known as the No. 2, and is applied to

engines of 16-inch cylinder diameter

and upwards. It consists of double-

beat lifting or poppet valves, their mo-
tion being derived from a rotating lay-

shaft driven at the same speed as the

crankshaft by mitre-wheels.

Referring now to the cross section

in Fig. 19, the upper ends of the in-

clined eccentric rod actuating the

steam valve gear move in an arc, be-

ing connected by a pair of short links

DD, shown only in the longitudinal

elevation, to a fixed point in the dash-

pot frame. The double-armed lever

B, when its outer end is in contact

with the lower limb of the right-angled

lever C, is depressed by the descent of

the eccentric rod, and thereby opens
the steam valve A.
The duration of the period of steam

FIG. 22. LOW-PRESSURE CYLINDER OF TANDEM-COM-
POUND DROP-VALVE ENGINE, BUILT BY MESSRS.

RUSTON, PROCTOR~& CO., LTD., LINCOLN

FIG. 23. HIGH-PRESSURE CYLINDER OF TANDEM-COM-

POUND DROP-VALVE ENGINE, BUILT BY^MESSRS.

RUSTON, PROCTOR & CO., LTD.

admission is determined by the gov-

ernor, which, by partially rotating

the eccentric B, raises or lowers

the "trip-pad" G; this action compels

the disengagement or "tripping" at C
of the steel-tipped end of the lever B,

and also the consequent drop upon the

seat of the valve A at the precise point

in the stroke required to maintain the

prescribed speed of the engine. The
action is accelerated by the opening

L, and checked without injury to

valves or seats by the compressions of

air under the small pistons of the dash-

pot, which, in turn, is regulated by a

small air-valve adjustable to require-

ments.
The exhaust valve N is raised by

the bent lever 0, which is pivoted at

P. The lever 0, in its ascent, rolls

upon the under side of lever 0, piv-

oted at R, with the result that the

valve iV begins to lift gradually,

quickly opens to its full extent, then

closes rapidly, but at a decreasing rate,

and finally is gently deposited upon
its seat. The exhaust period, there-

fore, is characterised by a full opening

almost up to the closing point.

Messrs. Marshall point out that as

all their engines are tested and adjust-
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FIG. 26. SINGLE-CYLINDER DROP-VALVE ENGINE BUILT BY MESSRS. DAVEY, PAXMAN & CO., LTD., COLCHESTER

ed to give the best running conditions

at their works, no adjustment will be
necessary for a considerable time.

Arrangements are made to correct the

gear when necessary to compensate
for wear, but on no account must any
adjustment be made while the engine
is in motion.
An entirely new series of long-

stroke horizontal engines, embodying
several important improvements, have
been brought out by the well-known
Lincolnshire firm of Ruston, Proctor
& Co., Ltd. Of these a tandem com-
pound engine with condenser, and a

cross-compound non-condensing gen-
erator engine, have been selected as

typical examples for illustration here.

These several engines are made in a

large range of sizes, and include a spe-

cial class of high-speed engines

adapted for electric light and power
installations. A special feature of

these engines is their positive drop-
valve gear. Both the admission and
exhaust valves are double-beat poppet
or lifting valves, situated close to the

ends of the cylinders, so as to give the
minimum amount of clearance space
and perfect drainage. The move-
ments in this valve gear are so inter-

esting that, in spite of its apparent
complexity, it well repays the trouble

of investigation.

In principle it is this:—The eccen-

tric-rod itself does not point directly

to the lever which lifts the admission
valve, but is carried almost at a right

angle to that direction, and terminates

in a small block or crosshead which
works between parallel slides. Here
we have a rod or bar, one end of which
describes a circle, and the other end a

straight line. Any intermediate point

in this rod, therefore, will describe an
ellipse which will vary in character,

according to its position, from ap-

proximately a circle to almost a

straight line. At a suitable point

about half way along the eccentric rod
is pivoted the valve rod proper. Now
by varying the axial line of the paral-

lel slides—compare the positions of

the dotted-in crossheads in Figs. 22
and 23—a degree of obliquity can be

given to the ellipse, and the required

motion obtained.

In the low-pressure gear, Fig. 22,

this is the whole of the originating

mechanism. The upper end of the

valve rod is jointed to a short lever

directly pivoted to the vertical valve
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spindle, and rests upon the slightly

curved surface of the fulcrum. It will

be seen how, as the inclined valve rod
is alternately raised and depressed, the

mately depositing the valve gently

upon its seat.

In the high-pressure gear, Fig. 23,

the valve is not jointed directly to the

-DETACHABLE DROP-VALVE GEAR OF ENGINE BUILT BY MESSRS. DAVEY,

PAXMAN & CO., LTD., COLCHESTER

lever rolls from one end to the other

of this fulcrum, giving a rapidly in-

creasing rate of lift to the valve as it

rises, a rapid movement again for the

greater part of its descent, but ulti-

eccentric rod, but to a second lever,

pivoted to the latter at mid-length; its

free end is attached to another small

block working in a second parallel

slide. The action of the governor is
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to twist the axial lines of these two
slides in opposite directions, produc-
ing a variable motion and thereby con-
trolling the admission valves' lift. The
exhaust valve rod is jointed to the

same eccentric strap, and it moves the

exhaust valve by means of a bent lever

pivoted on the right and bearing up-
wards against a second lever pivoted
on the left; this forms a sort of mov-
ing fulcrum for effecting the same
differential rate of movement of the

exhaust valve.

All this, although complex in de-

scription, is really but a combination
of elementary geometrical movements,
and presents, apparently, but little

surface to wear. The positive move-
ment of the valves, which are not
tripped and consequently require no
dashpots, is the leading feature in this

method of steam distribution, and the

fact that Messrs. Ruston are prepared
to operate it up to 180 revolutions per
minute shows their confidence in the

system. The new series of engines to

which this positive valve-gear is ap-

plied are well designed and contain
many features of interest which are

illustrated in Figs. 24 and 25. It may
be well to state that Messrs. Ruston
make a specialty of tandem com-
pound engines, and recommend them
in preference to cross-compounds
wherever possible.

Messrs. Davey, Paxman & Co.,

Ltd., of Colchester, build single cylin-

der drop-valve horizontal engines of

the pattern shown in Fig. 26 in a large

range of sizes. In these engines the

leading feature is the detachable drop-
valve gear illustrated in Fig. 27.

Upon the horizontal valve shaft A,
driven by a pair of mitre-gear wheels
at equal speed with the crankshaft, are

four eccentrics separately operating
the steam and exhaust valves at the

two ends of the cylinder. Starting at

the steam admission eccentric B and
rod C, the upper end of C is jointed to

a short link D, which is pivoted to a

point in the dashpot frame H. Work-

ing upon the same pin is the valve-lift-

ing lever F, which is fitted with a

hardened steel trip. The loose hang-
ing curved lever E has upon it a hard-
ened steel projection or catch which,
when it engages with the steel trip on
F, would have an effect on the down-
ward stroke of the eccentric rod C of

raising the steam-inlet valve G.

It will be seen, however, that the

hanging lever E is in contact with a

roller I, which latter runs loosely upon
a pin at the extremity of lever K. The
angular position of the lever K is de-

termined by the height of the gov-
ernor, which in Fig. 27 is shown in its

highest position. It is evident that

with the roller / in the position shown,
the smallest downward movement of

the eccentric would result in the trip-

ping or disengaging of lever E from
its contact with the lever F, and the

consequent fall and closure of the inlet

valve at a very early point of the pis-

ton's stroke.

Later points of cut-off occur as the

governor descends and moves the

roller / out of the way of the curved
lever E. The descent of the steam
valve is accelerated by the spiral

spring L, but as it nears the bottom,
the compression of the air beneath the

piston M checks its velocity and pre-

vents injury to the valve and seat.

The extent of the cushioning is regu-
lated by the small air-valve N.
The exhaust valve is worked by its

own eccentric T, rod U, and curved
lever V, the latter rolling upon the

curved surface of block W and giving
a varying rate of lift to the valve.

Following this it will be seen that the

exhaust valve is lifted quietly from its

seat, and then very quickly raised to

its full height. On the closing move-
ment the contrary action takes place.

The details of this valve motion are

apparently well worked out, and it

would seem that as there is no exces-

sive stress upon any of the wearing
parts, it would be quiet and durable in

action.



Gterjewt topics

There is a growing use for portable

incandescent electric lamps in mines
and other places where explosive

gases are known to be present, be-

cause of the practical immunity from
danger with which this lamp can be
employed in such places. Even when
the bulb of a lamp is broken in the

presence of explosive gases, experi-

ments have demonstrated that no
harmful results follow. This is, in

fact, the only type of lamp which can
be used with virtually absolute safety

in the presence of such gases, as it re-

moves the temptation from the miner
to attempt its relighting by matches.
It also avoids the delays consequent
upon the blowing out of oil lamps,
since an imperative rule of the mines
requires the collier to take the lamp
back to the lamp station, where it is

relighted by an official lamplighter.

The electric lamp also gives a much
brighter light than any oil lamp, since

for other reasons its light is not

dimmed by wire gauze. The portable

electric lamp for this purpose requires

about 6 volts and 2 amperes and
weighs about 3 pounds. Small stor-

age batteries are used. The cells are

contained in a box about 5 inches

square, on the side of which is placed

the incandescent lamp. These lamps
will burn for 12 hours, and are re-

charged at the mouth of the pit by
current from the colliery dynamos.

It is rather commonly supposed by
the ordinary user of incandescent
lamps that there are no conditions un-
der which this lamp is hazardous as a
fire risk, but while this view is fairly

warranted by the infrequency of fires

attributable to this source, the view is

not altogether accurate. For exam-
ple, in three months of last year at

least five fires were caused by the igni-
tion of inflammable materials due to
heat generated by incandescent lamps.
Systematic tests have been made to
determine the heating effects of. and
the extent of the danger of fire from,
these lamps, when in proximity to or
touching inflammable material's, with
the following results. For instance,
a 16-candle-power incandescent lamp
immersed in a half-pint of water
caused the water to boil within an
hour. A similar lamp, encased in two
thicknesses of muslin, caused it to
smoke in three minutes, and in six

minutes, when fresh air was admitted

5i7
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to the interior, the muslin burst into

flame. A newspaper against which
the lamp pressed ignited in three-

quarters of an hour, and an article of

celluloid ignited in three minutes un-

der the same conditions. There is,

however, no comparison between the

security from fires due to the use of

the incandescent lamp and that of oil

lamps, as is evident from the published

statistics of fire losses and causes,

which show that accidents and explo-

sions due to the use of oil for illumi-

nating purposes amount to many
thousands per annum.

ing stations, namely, at Lowestoft,
Emden, Berlin, Warsaw, Rouno,
Odessa, Kertch, Sukhum Kaleh, Tiflis

and Tauris. The business for and
from Manchester and Liverpool is also

handled direct with Teheran. It will

be understood that automatic repeat-

ers virtually take the place of opera-
tors at the repeating stations. In the

case of the circuit under consideration

there are repeating instruments and
batteries at each of the ten repeating
stations. As the line is divided into

eleven parts, each part is compara-
tively short.

What is probably the longest tele-

graph circuit in the world has been in

operation for over a year on the lines

of the Indo - European Telegraph
Company, between London and Tehe-
ran, Persia's capital. This circuit is

4000 miles in length and in its course

it traverses the North Sea for 200
miles and passes through Belgium,
Germany, Russia, Turkey in Asia, and
Persia. The Wheatstone automatic
system of transmission and reception

is employed on the circuit. In the op-

eration of the Wheatstone automatic

system the messages are first prepared

by punching holes in a paper strip

somewhat analogous to those seen

in automatic piano players. Certain

combinations of holes in the paper
strip correspond to certain letters of

the Morse telegraph alphabet. The
paper strip is then passed through an
instrument which transmits the mes-
sage over the line. At the receiving

station a sensitive relay responds to

the letters transmitted, and reproduces

them on a paper strip in the shape of

dots and dashes, when they are tran-

scribed upon ordinary telegraph

blanks by copyists. By the Wheat-
stone automatic system messages are

transmitted at the rate of from 80 to

400 words per minute, according to

the nature of the circuit, as against 25
to 35 words by manual Morse trans-

mission. On the London-Teheran
circuit there are ten automatic repeat-

The use of automatic repeaters on
telegraph circuits corresponds in a

measure to that of "relays" in the days
of stage, coaching. In those days a

pair of horses would be detailed to

draw the coach to a certain station,

having reached which they were re-

lieved by a fresh set of horses termed
a relay. The stage was then drawn to

the next station, when another relay

of horses would be attached to the
coach, and so on. The obvious rea-

son for these changes was that the

horses had become fatigued, and while

they might have drawn the coach fur-

ther, the work would not have been
done so quickly nor so well. What
the relay of horses did for the stage

coach, automatic repeaters virtually

do for the telegraph message. They
take it off the hands of a tired wire, if

the expression may be used, and pass
it on with fresh vigour to another wire.

Automatic repeaters are rendered
necessary on telegraph wires, because
of the fact that a portion of the current
on the wire escapes at each insulator

and also wherever the wire touches a

tree or foliage. Hence, the longer a

line may be, the more electricity will

escape in this manner, so that on long
lines the current that reaches the dis-

tant end might become too enfeebled

to operate the instrument. Apart
from the question of escaping current

there would also be the matter of de-

creased current due to the high total

resistance of the wire, besides the re-
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tardation of signals due to the static

capacity of the line. On a 4000-
mile telegraph circuit the total resist-

ance of the line might be 50,000 ohms,
which resistance would require an
electromotive force of at least 2000
volts on the line to provide sufficient

current to properly operate the Morse
relays, assuming no escape of electric-

itv on the line.

On a line such as the one under
consideration, which passes over
mountain, forest and desert, and
which is exposed to floods, sleet and
lightning storms, and to dense sea

fogs along the Black Sea coast, it is

obvious that in order to secure fairly

rapid signalling the automatic relays

must be comparatively short distances

apart. It is, it may be added, of

course, well known that the presence
of automatic repeaters on a circuit, by
the inertia of their mechanism, con-
duce to reduce the speed of signalling

somewhat, but the gains otherwise far

outweigh this disadvantage, as the

great improvement in the handling of

business reported in the case of the

London-Teheran circuit since direct

Wheatstone transmission was adopt-
ed, amply demonstrates.

While, as stated, this is no doubt
the longest telegraph circuit in daily

operation, longer circuits have been
successfully operated experimentally.
For example, a circuit on which there

were fourteen automatic repeaters,

was made up on one occasion from
Cape York to Derby, around the coast

of Australia, a distance of 7246 miles,

over which messages were transmitted

at the rate of 11 words per minute.

Quite recently, also, in the early hours
of the morning, an Associated Press
telegraph circuit was made up which
extended over almost the entire

United States. It included the cities

of New Orleans, La.; Memphis,
Tenn.; Dallas, Tex.; Louisville, Kv.;
Washington, D. C .; Baltimore, Md.;

Philadelphia, New York, Chicago,
Kansas City, Mo.; Denver and Lead-
ville, Col.; San Francisco, San Diego,
Fresno and Los Angeles, Cal. This
circuit worked successfully for over

two hours, during which a long offi-

cial report from Gen. Xogi's head-
quarters was transmitted.

The advantages arising from a

definitely pursued policy of standard-

ization in engineering and ship con-

struction were first recognized in the

United States and Germany, but so

far as the respective fleets of America,
Germany, and Great Britain are con-

cerned, there seems no doubt that the

British Navy has got well ahead of all

competitors. For many years past

the British authorities have been
building men-of-war in large classes.

This policy has governed the con-

struction of battleships, cruisers, tor-

pedo boats, and latterly, submarine
craft. The result is that to-day the

British fleet consists of a comparative-

ly few well-marked types. The vessels

in each class are of the same size,

have similar armaments, and identical

manoeuvring capacity and ranges of

action. Built by different builders,

they have, however, been constructed

in matters of detail, particularly in the

engine rooms, on individual lines. It

was some years ago decided to check
this tendency on the part of private

builders to indulge their individual

tastes, and it is now the definite inten-

tion of the British Board of Admiralty
to insist on the principle of standard-

ization being applied to all the most
essential details of the mechanical
equipment of men-of-war.

The new scheme of organisation of

the British fleet has effectively illus-

trated the advantages attached to the

policy of building in large classes.

The French squadrons at sea, like

those of Italy, Austria, and in some
measure Russia and Japan, comprise
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heterogeneous collections of ships

with few points of resemblance. Brit-

ish policy has been to work out pe-

riodically the best design of battle-

ship, cruiser, gunboat, or torpedo
craft, and, after careful model experi-

ments, to embody that design in from
six to nine ships. Of late, battleships

have been built on the principle of a

double squadron of eight ships; con-

sequently, in arranging the distribu-

tion of the fleets at sea, the British

Admiralty have been able to place

eight ships of identical speed and
ranges of action in the Atlantic fleet,

eight smaller and less powerful sister

ships in the Mediterranean, and when
the whole of the "King Edward VII."

class of 16,350 tons have been passed

into the Atlantic fleet (based on Gib-

raltar), Admiral Sir Arthur Wilson,

the commander-in-chief of the Chan-
nel fleet (based on the home ports),

will have under his control the six

battleships of the "Duncan" class of

14,000 tons ; the two ex-Chilian ships,

"Swiftsure" and "Triumph," resem-

bling in character the "Duncan," in

being, like them, of high speed, and
four of the eight ships of the "Majes-
tic" class. By the time the reorgani-

sation is complete, the Admiralty will,

therefore, have eight "King Edward
VII.V in the Atlantic fleet, eight

"Bulwarks" of 15,000 tons in the

Mediterranean fleet, and twelve bat-

tleships in the Channel fleet, embrac-
ing two squadrons with a trial speed

of 19 knots or more, and one heavier

squadron of 17 knots. The same at-

tempt to obtain homogeneity is being

made with reference to the Cruiser

Squadrons, of which one is attached

to each three of these battleship forces.

In the case of the First and Second
Cruiser Squadrons, the idea has been
to assign the "Good Hope" and the

"Drake" for service as flagships to

Rear Admiral E. S. Poe and Prince

Louis of Battenberg, the two rear ad-

mirals commanding, and to make up
the total of six cruisers in each case

by assigning five "County" cruisers

to each command. In the Mediter-

ranean the Cruiser Squadron is still in

a state of transition, and must await

reorganisation until the Admiralty

have some new ships at their disposal.

In the Far East five battleships are

serving, four of these consisting of

vessels of the "Canopus" type, ships

specially designed to pass with ease

through the Suez Canal, and the total

is completed by the "Centurion," an

older ship, which has lately been en-

tirely reconstructed and provided with

a more modern armament. The same
principle of homogeneity has also

been carried out in the organisation of

the fleet in commission in reserve.

An interesting illustration of the

same principle has been given in the

Mediterranean in the organisation of

the torpedo boat destroyers attached

to this command. There are thirty-

six of these vessels, and they have

been rearranged so as to bring into

each flotilla ships of the same class.

The idea is that there shall be four

divisions attached to the Mediter-

ranean base, Malta, each comprising

nine ships, all by the same builder,

and of the same design. By having
boats of similar build in the same divi-

sion, the same parts of engines and
boilers will be interchangeable, thus

reducing the number of parts the par-

ent ship of each division will have to

carry. By this means a great economy
will be effected. Each division will

have a working flotilla of four vessels

continually in commission, with a re-

serve of three vessels with what are

styled "nucleus crews" on board, and

one vessel definitely in reserve and
probably under repair. The first divi-

sion will consist of boats of the new
"River" class, with high forecastle,

great structural strength, and a uni-

form speed of 25-J knots. These are

the destroyers which were built after

the "Cobra" disaster in the North Sea.

The second division will be 30-knot

boats built at Palmer's yard on the

Tyne; the third division will consist of

30-knot boats built by Thornycroft,

and the fourth division will comprise
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boats with a speed of 30 knots, con-

structed by Laird. Thus Malta ob-
tains four homogeneous divisions. At
present the division which will be at-

tached to Gibraltar will consist of four

30-knot destroyers and five of 27
knots. The mixture of classes in this

case is only a temporary expedient,

and as new vessels become available

the character of this division will im-

prove.

The "Cobra" disaster was held to

exhibit the weakness of the swift de-

stroyers of 30 knots and upwards
which were being constructed for the

British fleet. This vessel had turbine

engines, and maintained a rate of

steaming of upwards of 40 miles an
hour. During heavy weather in the

North Sea she was lost, and imme-
diately public opinion in Great Brit-

ain put pressure upon the Admiralty,

and a committee was appointed which
enquired into the structural strength

of these fast craft. Confidence in such
vessels was, for the time, completely

lost, not by the officers of the fleet,

but by the general public. But the

war in the Far East, and the success

with which Japan has employed the

30-knot boats built by British firms

of wide experience, has convinced the

Admiralty that these craft are best

calculated to meet the needs of a mod-
ern fleet.

The "River" class of destroyer,

which was built during the period im-
mediately following upon the commo-
tion caused by the loss of the "Cobra,"
have a speed of only 25^ knots. This
is too slow a rate of steaming for ves-

sels of the mosquito family moving on
the surface, and primarily intended "to

be able to elude any man-of-war afloat

when chased. The British fleet now
has battleships which steam at sea

under war conditions at 19 knots, and
armoured cruisers of the "Drake"
family, with a full load on board and
without the advantage of clean bot-

toms, have maintained at sea a speed

6-6

of 24 and 25 knots. The smaller the

boat, the greater the loss of speed in a

heavy sea, and there is no doubt that

under average conditions an armoured
cruiser of even 21 knots' sea speed
would be able to overtake a small de-

stroyer having a contract speed simply
of 25! knots. For these reasons the

British Admiralty have decided to

cease constructing destroyers of this

comparatively low speed. The four-

teen vessels included in the pro-

gramme of ship building for 1904-05
are to be of from 30 to 35 knots. Lit-

tle doubt is entertained that as the

builders have been invited to submit
competitive designs, they will adopt
the turbine principle. The anticipa-

tion is entertained that as a result of

this trial of designing, the British

Navy will acquire boats as seaworthy
and as serviceable as those which have
done such excellent service in the

Japanese fleet, while, owing to the in-

troduction of the turbine of the Par-

sons type in place of reciprocating

engines, a speed considerably exceed-

ing 35 knots will be attained.

The Schmidt superheater as de-

signed for use in locomotives, al-

though of German origin, has during

the past two or three years been

adopted in many places and in con-

nection with a considerable number
of engines. In Germany, engines of

all kinds for express, goods, local, and
heavy mountain service, are fitted with

this superheater, and on the Prussian

State Railway alone, according to lat-

est advices, there are now 190 engines

at work with it. On the Canadian
Pacific Railway the Schmidt apparatus

has been used to a considerable extent,

and some notable trials have been

carried out. As a result large orders

have been given in North America for

new engines, most of them to be fitted

with the Schmidt apparatus, and a

number also with the superheater re-

cently introduced by Francis J. Cole,

of the American Locomotive Com-
pany. There are now between fifty



5 22 CASSIER'S MAGAZINE

and sixty superheater engines in use

in Canada. About thirty engines

fitted with the Schmidt apparatus are

in use on various Russian railways,

and others are on order, and in Aus-
tria, Hungary, Switzerland, and Swe-
den trial engines are in service on vari-

ous lines. In Belgium there are about
thirty superheater engines. Two en-

gines fitted with the Schmidt super-

heater have been in use in Cape Col-

ony for some time, and recently loco-

motives so equipped have been placed

in service, or are now under construc-

tion for several of the French rail-

ways, and for the Great Western
Railway in Great Britain. Trials car-

ried out in Germany and Canada have
given rather curious results as regards

the comparative merits of non-com-
pound and compound engines when
fitted with the superheating apparatus.

In both cases the trials' have shown
that the economy which results from
the use of superheated steam, as com-
pared with the non-compound non-
superheating engine, is very little

greater with the compound engine

than it is with the simple engine, and
the benefit which would be otherwise

obtained from compounding is, to all

intents and purposes, lost.

The piercing of the Simplon tunnel
through the Alps, proposed as long as

fifty years ago, but not commenced
until late in 1898, was completed on
February 24 of this year, and accord-
ing to contract the tunnel is to be
ready for traffic about the middle of

May. Plans and estimates were care-

fully planned and considered in the

year 1893 and the provisional contract
for the construction was made at that
time between the Jura-Simplon Rail-

way Company and Messrs. Brandt,
Brandau & Co., the well-known con-
tractors. The late Mr. Brandt, to

whose skill and knowledge much of

the success was due, had been in a

highly responsible position on the
work of the St. Gothard tunnel, and
his great experience there enabled

him to devise various appliances, par-

ticularly his well-known hydraulic

drill, by means of which a speed in ex-

ecution has been attained surpassing

that in any other rock tunnel. Herr
Edw. Sulzer, of the well-known firm

of Sulzer Brothers, of Winterthur;
Herr Brandau, Herr Locher, the tal-

ented engineer of Zurich, the con-
structor of the mountain railway up
Pilatus; Herr Pressel, Herr von Ka-
ger, and others have been associated

in the work.

As told recently in the London
"Times," doubts were thrown by lead-

ing authorities upon the possibility of

constructing a tunnel of this great
length, with such a height of moun-
tain, about 7000 feet, above the work.
This height, according to the calcula-

tions of geologists, should correspond
to a rock temperature of from 104 de-

grees to 107 degrees Fahr. It was
this high temperature of rock which
gave rise to great fears, as in the case
of the St. Gothard tunnel the comple-
tion of the work proved very difficult

even with a rock temperature of 86
degrees Fahr. The Swiss Govern-
ment, therefore, decided to summon to

their aid an international commission
of tunnel experts. The governments
of Italy, Austria, and Great Britain

were requested each to nominate an
engineer to advise and report upon
the plans, estimates, and proposals.
The Italian Government nominated
Signor Guiseppe Colombo, member of

the Italian Legislature^ and afterwards
Minister of the Treasury, a most able
man; Austria nominated Herr C. J.

Wagner, one of the government engi-
neers, and constructor of the Arlberg
tunnel, in which considerable difficul-

ties had been met with; whilst Great
Britain nominated Francis Fox, mem-
ber of the Institution of Civil Engi-
neers, and member of the firm of Sir

Douglas Fox & Partners, of West-
minster, and it is an interesting fact

that Mr. Fox is the only Englishman
connected with this great enterprise.

These three gentlemen in 1894 sat as
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a commission in Berne, devoting
many days to a complete study of the

plans and proposals, and after visiting

the site of the intended work, present-

ed to the President of the Swiss Con-
federation their full report. Upon the

principles laid down therein, and by
the promoters, the tunnel has been
carried out. A treaty was entered
into, in July, 1894, between the gov-
ernments of Switzerland and Italy,

authorising its construction. The
Simplon tunnel is the third one, and
longest one, through the Alps. From
Briga in Switzerland, to Iselle on the

Italian side, it is 12^ miles long. The
St. Gothard tunnel measures 9^ miles

and the Mont Cenis, a little over j\
miles. The cost of the Simplon tun-

nel is £3,000,000, borne jointly by the

Italian and Swiss governments.

Sawing stone by wire is the subject

of an item recently printed, according
to which it is regarded as something
new,—only latterly brought out in

France. Three twisted steel wires are

said to be used, passing around pul-

leys in endless fashion, one of the

pulleys being a driving pulley, and a

tension carriage being used to keep
the wires properly taut. Sand and
water really are the cutting agents, so

that we have in this simply a develop-
ment of a practice of many years'

standing in marble mills and quarries

probably the world over. Marble
sawing for time out of mind has been
done with saws so-called, consisting

of plain strips of soft wrought iron, a

little more than 1-16 of an inch thick

and about 3 inches wide, sand and
water being let into the saw cut as the

work proceeded. It may be worth
recalling that when worn out these

saw blades are very narrow at the cen-

tre but of the full width at the ends.

At one time these partly used-up
blades were thrown away as worthless,

but later, in one locality at least, a use

was found for them, the old saws be-

ing converted into cut nails, for which
their toughness admirably adapted

them. A very inconvenient waste
product was thus turned to good ac-

count and made a source of revenue.

The nails themselves were of all sizes

up to 3 inches in length and were of

good quality.

Some highly interesting facts, says

the "Army and Navy Journal," as "to

the effect of modern gun fire on the

engines and boilers of armoured war-
ships have been brought out by an ex-

amination of several of the Russian
vessels disabled during operations in

the Far East. There has been a wide-

spread belief in professional circles

that the men stationed in what Kip-
ling picturesquely describes as "the

little hell below," would have an ex-

ceedingly uncomfortable time of it

during a sea fight under modern con-

ditions, but experience has shown that

the engine room and the boiler room
of the battleship and cruiser of to-day

are somewhat the most comfortable

parts of such vessels. The captain

of the Russian cruiser "Yariag" states

that after the terrific battering his ship

received at Chemulpo her machinery
below worked as smoothly as if she

had only been engaged in target prac-

tice. The battleship "Czarevitch,"

hammered and almost dismantled in

the battle off Port Arthur, was taken

in charge by a midshipman after all

his superior officers were killed or

wounded and steamed away safely to

Tsing-Tan with her engines and boil-

ers only slightly damaged. The bat-

tleships "Retvizan" and "Pobieda"
were both almost totally wrecked in

their upper works in one of the en-

gagements off Port Arthur, but were
able to return to shelter with their

own steam, and so little were their en-

gines and boilers injured that both
vessels ran out to sea a few days later.

This information, which was given to

a correspondent of the London
"Standard" by officers of the Russian
ships, shows very clearly that while

modern shell-fire is terribly effective

on the upper works of present-day
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warships, it involves little, if any, in-

crease of peril to the men on duty be-

low. Another lesson taught by the

experience of the Russian vessels is

that all present means of communica-
tion which are not actually behind the

armour or below the water-line are

utterly useless in the hour of battle.

All speaking tubes and all bells and
telegraph lines were shot away and
wholly destroyed on the "Czarevitch"
and "Pobieda," as were also all means
of visual or- wireless signalling. The
moral is that some simple and primi-

tive means must be devised whereby
orders can be conveyed to the fighting

position when the agencies now in use

are no longer operative. What that

method shall be is a matter well-de-

serving the consideration of navy offi-

cers who have had actual experience
in sea fighting.

The application of dry air blast to

the manufacture of pig iron formed
the subject of a very interesting paper
several months ago before the Ameri-
can Institute of Mining Engineers, by
James Gayley, of the United States

Steel Corporation. The desiccation

of the air used in blast furnaces in

such a way as to reduce its moisture
to a small quantity, and to keep it uni-

form, must of necessity contribute in

a very marked degree toward the at-

tainment of uniformity in the furnace
operations. The advantages from
desiccation can be appreciated only
after due consideration is given to the
volume of air that is consumed, per
minute and the large amount of mois-
ture which it contains. Managers of

blast furnaces are familiar with the
chilling effects produced in the hearth
by a tuyere that is leaking, which im-
mediately results in a deterioration in

the grade of the iron; yet the quantity
of water ordinarily entering the fur-

nace under these conditions is not
very greatly in excess of the quantity
carried in, like a steady stream, by the
atmosphere, during a period of the
average humid conditions prevailing

in many localities. Mr. Gayley's ex-

periments, therefore, eventually led to

anhydrous ammonia refrigeration of

the air supply to the blowing engines

as the best means of moisture extrac-

tion, and the Isabella furnaces of the

Carnegie Steel Company, at Etna, a

suburb of Pittsburg, were selected as

the plant at which to install the first

apparatus.

The plant was put in operation in

August, 1904, with immediately bene-

ficial results. When the dry-blast

was supplied to the furnace, it became
necessary to reduce the revolutions

of the blowing-engines, since the air

supplied to the engines was lower in

temperature than the natural atmos-
phere and contained more oxygen per

cubic foot, and the tendency of the

furnace was to drive too fast. Be-
fore applying the dry-blast the en-

gines were running at 114 revolutions

and supplying 40,000 cubic feet of air

per minute ; the revolutions were
gradually reduced to 96, thereby re-

ducing the volume of blast over 6000
cubic feet per minute and increasing

the efficiency of the engines by 14 per

cent. With dried blast, 96 revolu-

tions per minute of the blowing-
engines burned nearly 1 per cent,

more coke and produced 89 tons more
pig iron in 24 hours than 1 14 revolu-

tions per minute with atmospheric
air. The reduction in the revolutions

resulted in a gain of 150 degrees in

the temperature of the blast, which,

even with this increase, through lack

of area in the waste gas ports of the

stove, did not average above 870 de-

grees. The average analysis of the

gas for ten days prior to the introduc-

tion of the dry-blast showed:—CO,
22.3 per cent. ; C0 2 , 13 per cent., with
an average temperature of 538 degrees.

Later, with dry-blast used entirely, the

average analysis was:—CO, 19.9 per
cent. ; C0 2 , 16 per cent., with an
average temperature of 376 degrees.

This reduction in temperature of 162

degrees is a necessary consequence of
the greater concentration of heat in
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the hearth by the dry-blast combus-
tion and the greater weight of bur-

den heated by the gas, and represents

an important saving of heat in the

furnace.

The dry-blast has resulted in econo-
mies in several other directions. In

the use of Mesabi ore, which is very
fine in structure, the waste of ore-dust

carried by the escaping gases is quite

large, and at many furnaces it has
become quite burdensome. At the

Isabella furnace, before dry-blast

was used it amounted to 5 per cent,

of the ore charged, and it has been re-

duced, through the greater uniformity
in the furnace-working, effected by
the dry-blast, to less than 1 per cent.

The saving in coke consumption re-

duces the phosphorus in the metal,

and this, in making Bessemer iron,

permits the use of ores higher in phos-
phorus. As the Isabella furnaces were
making basic iron, it was an advan-
tage to keep the silicon as low as pos-

sible, provided the sulphur was kept
low; and the absence of irregularities

in the furnace operations resulting

from the dry-blast permitted the keep-

ing of the silicon at a lower range
without increasing the sulphur. It

has been generally observed by fur-

nace managers that when the silicon

is lowered through increased humid-
ity in the atmosphere, a leaking tuyere,

or through other causes, the sulphur is

rapidly increased ; but it has been
found in using the dry-blast, that

when the hearth temperature was sud-
denly lowered, principally from ac-

cretions on the bosh reaching the

hearth, the sulphur did not increase,

and in this respect the furnace has
shown a remarkable uniformity in

composition of the metal produced.

large quantities, and the varying
humidity affects the temparature of

the charge and in consequence the

quality of the steel. The metal from
the metal-mixer employed in many
Bessemer works is remarkably uni-

form, and the additional uniformity

secured through the use of dry air

would be of further advantage. In

American practice, a higher silicon is

required in the summer months to

maintain the temperature of the blow,

in which period it is also more expen-
sive to maintain the right amount of

silicon in the pig iron. With the use

of the dry-blast in the converter the

proper temperature could be secured

with a lower silicon in the metal, and
this in turn would further reduce the

coke consumption at the furnaces. In

other processes where air is used in

large quantities—particularly in cop-

per and lead smelters and copper con-

verters, in the open-hearth furnace

and in cupolas—it seems probable

that the use of dry air would effect im-

portant economies, and its application

to gas-producers, by-product coke

and charcoal ovens, for the extraction

of the moisture, would be very bene-

ficial.

Mr. Gayley points out also that

probably the further application of the

dry air blast to the Bessemer con-
verter would result in great benefit,

since in that apparatus air is used in

The development of the internal

combustion engine for marine pur-

poses is being watched with great in-

terest. As Sir William White pointed

out recently, the adoption of the now
familiar motor boat means that the

same ranges of power and action as

are obtained from the best modern re-

ciprocating engines and boilers can be

secured at one-sixth of the weight

with the newer motor. This state-

ment he made on the authority of Sir

John Thornycroft. who has devoted

much thought to this coming revolu-

tion in the propulsion of small craft.

The British Admiralty are so con-

vinced of the wisdom of adopting the

internal combustion engine at sea that

they have carried out a series of ex-

periments. The first result has been

the decision to build a motor launch

for the j^--:g's yacht, and there is also
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some talk of this type of engine being
utilised in the new torpedo boats
which are about to be built. It is real-

ised that not only does the internal

combustion engine give equivalent

power to the reciprocating engine and
boiler with a great economy of weight,

but that the new engine will lead to a

further economy in weight owing to

the reduction in the engine room and
boiler room staff, which it will be pos-

sible to make. The motor boat has
become one of the toys of the wealthy,

and yacht builders report that many
lovers of the sea who have hitherto

spent a large part of the year in yacht-

ing, are now ordering motor boats,

which will either supersede their sail-

ing craft or will be used in connection
with them.

According to "Engineering," the

London, Brighton & South Coast
Railway has been experimenting for

several years with roller bearings in

place of the ordinary axle-boxes of

rolling stock, and a new train has now
been completely fitted with bearings of

this type to enable comparisons to be
made on a sufficiently large scale.

For nearly two years a bogie passen-
ger coach, with roller bearings, has
been running daily on the main line

fast service between Brighton and
London, having covered a distance of

at least 80,000 miles, and the results

were so satisfactory that the company
decided on the equipment of an entire

train, so that comparison might be
made with similar trains doing the
same service with ordinary axle-

boxes. In the roller bearings used, a

hardened and ground steel sleeve is

pressed on to the neck of the axle, and
the rollers, of which there are 14, of

|-inch diameter, run between this

sleeve and a similar exterior one. The
rollers are kept parallel to the bearing
by a gun-metal lantern, between the
bars of which they fit, and which slow-
ly travels round the journal. The
rollers are solid and made of case-
hardened mild steel, accurately
ground to size. At a demonstration

given on the occasion of the recent in-

auguration of the new train, one of the

bearings, which had seen nearly two
years' service without repairs, was dis-

mantled, and all working parts ap-

peared to be in excellent condition.

A considerable saving of coal per

train-mile is expected, and it is hoped
that the more rapid acceleration of

the trains, due to the reduction in

starting resistance, may enable subur-

ban traffic to be handled more expedi-

tiously.

Candles when lighted should be

always placed in a candle-stick made
of metal. Workmen very often will

place a lighted candle on woodwork
and, if occasion requires, they will go
away with no thought of the lighted

candle and its attending danger, many
times causing a serious fire. Some
years ago, so Mr. Washington Deve-
reux told recently before the Engi-

neers' Club of Philadelphia, a large

hotel in that city considered the ad-

visability of introducing electric light-

ing. A fire of a very mysterious

origin occurred. The electric wiring

had been installed in accordance with

the best-known methods of the day,

but the moulding which incased the

electric conductors caught fire. The
proprietor had heard many vague and
mythical stories of the dangers of

electricity and concluded the electric

conductors were responsible for the

fire, in spite of the fact that no cur-

rent had ever passed over the wires.

The problem was a great one and too

much for "mine host." To solve the

mystery he summoned to his aid a so-

called electric expert. The expert

declared the wires had been charged
with induced electric current from the

electric light mains in the street, which
passed within 50 feet of the building.

William McDevitt, chief inspector of

the Fire Underwriters' Association,

was also consulted. The theory of

electrical induction did not appeal to

him in the least. In fact, he knew the

absurdity of the statement. Mr. Mc-
Devitt and the proprietor carefully
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went over the ground. The line of

moulding- in the cellar, which inclosed

the electrical conductors, was consid-

erably burned. At various points

along the moulding, candle grease in-

dicated what mode of illumination had
been used to aid the workmen while

installing the wiring. The inspector

called for a small piece of candle, and
lighting it placed it upon the mould-
ing, suggesting to the proprietor,

"now we will go away and forget the

lighted candle, and you will have an-

other fire due to the electric induc-
tion." The common-sense solution

won the day and the building was
equipped with electric light through-
out.

As illustrating the rapidly increas-

ing use of cement, R. W. Leslie, in

a paper read a short time ago be-

fore the Engineers' Club of Philadel-

phia, stated that there were then in

use at least thirty forms of construc-

tion for large cement buildings. Each
of these thirty systems supplied busi-

ness for a separate company, each do-
ing work in the building of large

structures, such as houses, mills, fac-

tories, and other buildings up to eight

and ten stories, out of this material,

which six years ago nobody thought
was adapted to any purpose other

than the building of bridges, sewers,

and works of a lower level. Some of

them involve very little the use of

beams; in some the T section is largely

used, and in others chains or rib bars
are employed, as is also expanded
metal, through which the cement is

forced on the inner side; and every
one of these different systems has its

organisation, with its officers seeking
business, and all using iron or steel in

connection with cement.

well; cement floors, too, are coming
into use for the stations, and cement
gutters; cement curb walks, cement
retaining walls, cement round-houses,
cement mile-posts. The agriculturist

has cement fence-posts, concrete bins
for grain, concrete floors, troughs,
reservoirs, and walls. Concrete is

used for factory buildings which are
on concrete foundations, and they
have concrete pillars, when necessary,
to support the foundations. Cement
pavement is used in front of building-.

The sewers, gutters, and curbs are of

concrete. There are concrete bridges
in many places; water-towers and
water-pipes of the same material ; sky-
scrapers eight and ten stories high all

made of cement and concrete. In
mining, the timbers are being dis-

placed by concrete piers. By a most
ingenious scheme of pouring cement
into damp sand, after a method analo-
gous to that of making iron castings,

the most beautiful effects in sculpture
are reproduced in concrete, and the
statuary of Rome and Greece has been
so reproduced, coloured in the most
beautiful way, and giving the most
artistic effects, and at an expenditure
almost insignificant as compared with
stone

To enumerate only a few of the uses

of cement, Mr. Lesley cited the case

of railways, for example, which are be-

ginning to construct their station

building's of concrete and their ties as

Two rather ambitious schemes for

electric traction on a large scale were
recently brought before the Electro-
technical Association of St. Peters-

burg. The first is no less than the

electrification of the Trans-Siberian
Railway, a project considered by
Count A. F. Lubienski as not only de-

sirable, but necessary. The transpor-

tation of passengers and goods on this

railway, apart from the traffic due to

the war, has developed to such an ex-

tent that it will soon become necessary
to increase the number of trains. Ow-
ing to several circumstances, particu-

larly the lightness of the rails and the

insufficiency of water, the existing

trains are said to have reached their

practical limit of speed: and though
the water difficulty might be met by
canalisation or other means, the relay-
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ing of the track would entail an enor-

mous expenditure of money and time.

The Count maintains that the most
rational and economical way of meet-
ing the case is by the introduction of

electric traction on some parts of the

line at least. The existing track

would be made use of, and the many
sharp curves and heavy gradients

would not limit the speed of a multi-

ple-unit electric train to the same
extent as in the case of a train drawn
by a steam locomotive. It is proposed
to make use of the rivers and water-

falls along the course of the line for

the supply of electric energy, which
would be generated at power stations

from ioo to 200 kilometres apart, and
distributed in both directions to trans-

former sub-stations at a pressure of

100,000 volts. The second project

was brought forward by Mr. G. O.
Graftis, and is rather more modest in

its scope. He proposes the electrifi-

cation of the Caucasian railways on

the grounds that electric traction is

particularly adapted to a mountainous
country, and that abundance of power
is at hand in the waterfalls of the Cau-
casus. The large number of rivers

and mountain torrents watering the

district through which the railway

runs constitute an ideal source of

power which could be turned to ac-

count with little difficulty.

Through that perversity of inani-

mate things which most of us have
encountered at some time, the name
of the author in the first section of the

article on "The Widening Use of

Small Electric Motors," in the Feb-
ruary number of this magazine, was
printed as F. H. Kimball instead of

Fred M. Kimball. Several little re-

minders of the discrepancy have come
from different quarters, complimen-
tary to Mr. Kimball as showing how
carefully his writing was read.

BENJAMIN TALBOT

THE ORIGINATOR OF THE CONTINUOUS OPEN-HEARTH STEEL PROCESS

AS the originator of what is known
as the Talbot process for the

manufacture of basic open-
hearth steel, Benjamin Talbot has be-

come well known in metallurgical cir-

cles on both sides of the Atlantic. He
is a Shropshire man, born in 1864,

and his first experience was gained as

a learner in the Ebbw Vale Steel

Works. From there he passed to the

position of assistant to the Dephos-
phorizing Company, which controlled

the Thomas and Gilchrist patents on
the basic process in Great Britain.

In 1890 he went to the United
States to start the manufacture of

basic open-hearth steel in the South,

becoming superintendent of the

Southern Iron Company's works at

Chattanooga, Tenn. In 1892 he ac-

cepted the position of superintendent

of the steel department of the A. & P.

Roberts Company, of Pencoyd, Pa.

He introduced the basic open-hearth

process there, and in 1898 brought out

the continuous open-hearth process

(otherwise the Talbot process). This

process was successfully installed at

Pencoyd, Pa., and afterward taken up
by the Jones & Laughlin Steel Com-
pany, Pittsburgh, which is now oper-

ating the largest steel furnace in the

world on this process, and is building-

other furnaces like it, as it has proved

to be so economical. He resigned his

position as manager at Pencoyd in

1900 in order to devote more time to

the introduction of the continuous

process in Europe and the United

States.
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THE new automatic centre punch
made by the Brown & Sharpe

Manufacturing Company, of Providence,

R. I. , will doubtless prove of interest

both to the employer

A New Automatic and to the machinist who
Centre Punch has been accustomed to

use the old style centre

punch and hammer.
The accompanying illustration shows

this automatic punch, which is entirely

every care has been taken to combine
lightness and simplicity with durability,

and the various parts were calculated to

withstand the most severe usage to

which a tool of this character may be
subjected. All parts are of steel, pro-

portioned and adjusted to avoid liability

of getting out of order, the parts most
subject to wear being carefully hardened.

The tool is self-contained, the striking

mechanism being enclosed in the knurled

AN AUTOMATIC CENTRE PUNCH MADE BY THE BROWN
PROVIDENCE, R.

SHARPE MANUFACTURING COMPANY,

new in design, and which the manufac-
turers claim combines features that make
it much more convenient and accurate

for laying out work to be machined or

drilled than the ordinary centre punch
and hammer. In designing this tool

handle, which is of such a size and form

as to be conveniently held in the hand.

It is about 5^ inches long and $/% of an
inch in diameter.

When following a line or establishing

a point by the intersection of lines, one
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hand can be free to guide the point or
hold the magnifying glass, and, after

the point is located, it is not apt to slip

and lose the setting, as merely a down-

FIG. I.—A VALVE WITH RENEWABLE SEAT
AND DISC. MADE BY CRANE CO., CHICAGO

ward pressure of the handle releases the
striking block and makes the impres-
sion. Another advantage appreciated
by machinists is that the punch marks
are all of uniform depth, and, therefore,

more easily and accurately followed than
when of varying depths.

ANEW valve, with renewable seat
and disc, and a new self-packing

radiator valve, made by the Crane Com-
pany, of Chicago, are shown in the an-

nexed illustrations.

New Crane Co. From Fig. i it

Globe and Angle Valves will be seen that by
unscrewing the nut

on the bottom of the renewable seat and
disc valve the seat is accessible and re-

movable from the top, thus making it

convenient to substitute a new seat when
required, or to replace any worn part.

The disc, being attached to the stem
by a slot, is easily removed and re-

placed. The seat and disc can be re-

moved and ground together if necessary.
In assembling the valve, the seat is

placed in position, and the nut on the
bottom of the valve, which holds the
seat in place, is tightened, and the bon-
net is screwed on and the valve closed.

The construction of these valves is such
that they may be packed when open
without steam escaping; in so doing the

valve is left wide open. The renewable
parts are made of a hard composition,

and the valves are designed for working
under a pressure of 250 pounds.

Fig. 2 illustrates the self-packing
radiator valve, provided with a Jenkins-

disc and non-rising stem. The packing
consists of a piece of vulcanised rubber,

which can be easily renewed.
The threads on the bonnet of these

valves are the same size as those in the

Jenkins disc valves, made by the com-
pany, and the old style trimmings may
be replaced with this new self-packing

device without removing the valve from
the radiator. It can also be applied, if

desired, to any of the company's brass,

wedge-gate valves with non-rising stem.

IN the quarry processes of to-day there

is a wide field of usefulness for a
rock-cutting machine intermediate in its

functions between the heavy track chan-

nelling machine and
the machine drill as

applied in the " plug
and feather" method
of breaking rock. In the development
of new quarrying properties also it is

advisable to prove up the value of the

deposit before heavy investments are

A New
Channelling Machine

FIG. 2.—A SELF-PACKING RADIATOR VALVE
MADE BY CRANE CO., CHICAGO
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CHANNELLING MACHINE BUILT BY THE INGERSOLL-SERGEANT DRILL CO. NEW YORK

made, yet the method of hand clearing

and prospecting is much too slow. In

developed quarries, too, it is often

necessary to channel material which has

a sharp dip or incline, and there a heavy
track channeller is not practicable. In

the lighter work of the quarry, cutting

sumps and keyblocks, enlarging the

walls and working in confined and un-

even places, a light, portable machine is

always useful and effective.

To meet just such conditions as these

the Ingersoll-Sergeant Drill Company,
of New York, has designed a type of

machine channeller which has been given
the distinctive name of " Broncho," be-

cause of its rough-and-ready character

and its ability to stand up to work un-

der the most severe conditions of serv-

ice. The construction of the machine
and the more important details are

clearly shown in the accompanying illus-

tration. It resembles somewhat the old

bar channeller, but its distinctive feat-

ures of design, operation and construc-

tion mark it as a new type of machine.

The frame is made of bars of heavy
pipe rigidly secured to end castings.

Between the bars the heavy steel travel-

ling screw is firmly mounted. The end
castings of the frame are swivelled in

heavy end pieces, to which are joined

the connections. Cone clamp effect is

secured at all these joints, and the result

is a structure of great flexibility and al-

most universal adjustment, yet of utmost
rigidity when pressure is applied. The
swing of the legs and their sliding in the

clamps make a mounting adaptable to

any surface or any angle.

The channelling machine proper is in

no sense a rock drill, but a heavy cut-

ting engine designed to secure great

strength and effectiveness. The cyl-
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inder has a diameter of 3^ inches and
a full stroke of 6 inches, variable down
to a minimum of 2 inches. For starting

cuts, working through soft spots, and

which, in turn, controls the pressure to

throw the main valve.

A novelty of design is the omission

of the usual crosshead and guides and

AN ELECTRIC DERRICK WINCH MADE BY THE QUAKER CITY ELECTRIC COMPANY,
OF PHILADELPHIA. ADAPTED TO EITHER GUYED OR STATIONARY

MAST AND BOOM DERRICKS

cutting across splits or seams, where the

full blow is not desirable, a cushioning

device is provided whereby the blow
may be varied from the merest tap to

one of full power. A tail rod extends

through the rear cylinder head and acts

as a piston guide. This is also designed

to prevent binding or cutting between
cylinder and piston, reduce wear on the

piston and cylinder walls, and assure a
free, easy stroke. The tail rod also

serves to^operate a small " pilot" valve,

the substitution of roller guides in which
the steels work direct. The guide roll-

ers are of hardened steel and guide the

steels on all four sides. The roller-

guide attachment can be removed and
the rotation gear thrown in. The drill

bit is then inserted in the clamp and
the engine can be used to drill a circular

hole. The machine may thus cut an
open channel and drill a round hole, at

any angle from horizontal to vertical.

The engine has two rotations,—one
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around the axis of the frame, the other

around an axis at right angles to it.

Vertical feed is provided by a crank
on the feed screw. The movement of

the cutting engine along the bars is

automatically reversed at each end of

the travel, and the stops may be set to

reverse at any intermediate point.

While the best results with this machine
are secured by the use of high-pressure

steam or air, the valve motion is such
as to secure good results with low-pres-

sure and wet steam.

The net weight of the channeller is

about 3000 pounds. It is designed to

make a cut of 10 feet 6 inches long to a

depth of 12 feet. The capacity varies,

of course, with the pressure used and
the material cut. Its best work is done
with a pressure of about 100 pounds at

the throttle, and cuts 7 to 10 feet deep.

It uses about 175 cubic feet of free air

per minute, or requires a boiler of 20 to

25 horse- power.

hoisted and the use of an electric brake

with hand attachment for lowering, or

by keeping the motor in operation con-

tinuously while the derrick is in use and
controlling the load with a simple but

powerful friction clutch and band brake.

Either of these systems is feasible with

direct-current motors, but for induction

motors only the latter can be used.

IN an article entitled " Industrial Lo-
comotives " printed in the Septem-

ber number of this magazine, a third-

rail electric locomotive was illustrated

and described as built by the

Goodman Manufacturing Com- Industrial

pany, of Chicago. This com- Locomotives

pany, however, are, in point

of fact, the selling agents only for this

locomotive, while the manufacturers are

the Morgan Electrical Machine Com-
pany, of East Chicago, Ind.

THE electric winch shown in the an-

nexed illustration was designed by
the Quaker City Electric Company, of

Philadelphia, to provide a light but

powerful lifting mechanism,

An Electric easily applied and adapted
Derrick "Winch to either guyed or station-

ary mast and boom derricks.

It consists substantially of one main
casting forming the bearings for and
supporting the cable drum, countershaft,

journals and motor. It fits the under
side of the gaff or boom, and is held in

place by boits extending through heavy
cast iron straps on the top side of the

boom.
The power is transmitted from the

motor to the countershaft by silent chain

drive, and from the countershaft to the

drum shaft by cut spur gears. The
motor may be either direct or alternat-

ing current of 5 H. P. , and may operate

at a speed not exceeding 1200 revolu-

tions per minute.

The method of control may be either

by an electric controller varying the

motor speed, which requires starting

he motor from a standstill for each load

A UTOMOBILISTS, among others,

** will be interested in the gasoline

motor which has recently been brought

out by the Adams Company, of Du-
buque, la. The manufactur-

ers of this motor claim for A New-
it distinctive advantages, Gasoline Motor

such as compactness, per-

fect balance, light weight, wide range

of speeds and power, and practical air-

cooling qualities under all conditions.

The accompanying illustration is a per-

spective view of the motor as situated in

the rear of an automobile body.

This motor reverses the ordinary

practice, in that the engine cylinders

revolve and the crankshaft is stationary,

instead of the crankshaft revolving and
the cylinders being stationary, though
it is not what is usually termed a rotary

engine. Three units, each being a com-
plete cylinder, with cylinder head and
one- third of a central crank case cast, in

one piece, are bolted together, and the

cylinders are bolted to top and bottom
steel flanges which have bronze bush-

ings, forming bearings around the verti-

cal stationary crankshaft. This forms
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the revolving unit, which is perfectly

balanced, and which acts as a fly-wheel,

and in a 20 horse-power engine, with

5-inch bore and 4^ -inch stroke, weighs

190 pounds. The pistons are attached

to that part of the crankshaft which is

eccentric with the axis of the revolving

cylinder unit, which is caused to revolve

when the pistons reciprocate in the cyl-

inders.

The lack of vibration of the motor is

attributed to the perfect balance of the

revolving parts, the manner of revolving

the cylinders in a horizontal plane, and
to the novel method of controlling the

inder by an arrangement of valves.

This system of control is claimed to be
very economical, conducive to smooth
running, to obviate the necessity of

heavy exhaust valve springs, to run

much cooler, and to keep the cylinder

heads and spark plugs entirely free from

sooty deposits.

The carburetter is entirely automatic

at all speeds, no attention being required

after once adjusting, and the spark is

regulated automatically by a device

which fires the charge at all speeds at a

point to produce the greatest efficiency.

The oiling of all parts of the motor is

A GASOLINE AUTOMOBILE MOTOR MADE BY THE ADAMS COMPANY, DUBUQUE, IA.

speed of the motor by a variable com-
pression system. No muffler is em-
ployed, the discharge acting upon the

air similarly to a skyrocket and not like

a gun. It is claimed that the exhaust
cannot be heard when the motor is work-
ing at part power.

Air cooling is effectually accomplished
by the cylinders revolving at a rapid

rate, drawing in the air at the centre of

the revolving unit and expelling it with
great rapidity at the periphery.

The variable compression system by
which the speed of the motor is con-
trolled consists in allowing that part of

the charge of gas not needed by one
cylinder to be drawn in by another cyl-

cared for by an automatic, positive feed

oil pump.
By reference to the illustration, it will

be seen that from this position every

part of the motor proper is exposed to

view and readily accessible, that is,

every part that will ordinarily ever re-

quire examination or adjustment. With
no compression, the cylinders may be

easily turned around, bringing any one
in convenient position for removing
spark plug or valves. Should a valve

leak, it can be replaced by another in a

few minutes on the road.

There is not a gasket or packed joint

about the entire engine, and by taking

out three bolts on each side, the two on
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iAMMER PULVERISER BUILT BY THE JEFFREY MANUFACTURING COMPANY,
COLUMBUS, OHIO

the top and the two on the bottom
flange, any cylinder may be drawn off

for examination, or by removing the

two cap boxes on the transmission shaft

the entire transmission can be removed.
All the novel features, such as revolv-

ing the cylinders around a vertical, sta-

tionary crankshaft, system of muffling,

FIG. 2.—A SECTION OF THE SCREEN FRAME OF THE
JEFFREY PULVERISER FOR HEAVY WORK

FIG. 3.—A SECTION OF THE SCREEN FRAME OF
THE JEFFREY PULVERISER

variable compression control, automatic

spark regulator, control from front and
rear seat, variable strength springs,

carburetter, oiling system, etc., are the

subjects of patents granted and pending
in America and other countries.

A HAMMER pulveriser made by the

Jeffrey Manufacturing Company,
of Columbus, Ohio, is shown in the an-

nexed illustrations. Fig. 1 illustrates

the pulveriser with its

interior or crushing The Jeffrey

parts ; Figs. 2 and 3 Hammer Pulveriser

show the sectional

screen frame, which is one of the spe-

cial features in this machine.

It is designed for crushing and pul-

verising material such as rock, coal,

clay, shale and many other materials.

Strong features are claimed to be its

simple beater hammer, V-shaped bar

screening surface, simple adjustment of

the beater arms to accommodate wear,

substantial adjustable, dust-proof pillow

blocks, and a top-feed hopper, insuring

large capacity and permitting material

to be partly crushed while in suspen-

sion. The accessibility of its inner
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AN AUTOMOBILE
BUILT BY

parts is also one of its

features. The taking-off

of the rear plate and the

hand-hole plates on the

side of the machine
makes it possible to

change the beater arms
as well as the screening

surface when necessary.

The latter is made up in

sections, so that it is the

work of but a few mo-
ments to take it out or

change from one size

mesh to another.

The pulveriser is made
in many sizes to suit the

various requirements,

—

for instance, in coal the

capacity varies from 50
to 100 tons of coal per

hour, depending entirely

upon the degree of fine-

ness. In pulverising material such as

rock its capacity is from 10 to 25 tons

per hour.

ONE of the smaller tools manufac-

tured by the Gisholt Machine
Company, of Madison, Wis., is a
" solid" adjustable reamer, a demand

for this, as for many
'A "Solid" other tools which they

Adjustable Reamer have placed on the mar-
ket, having first arisen

in their own shop. An ideal reamer
should possess all the solidity of a one-

piece tool, and yet be constructed so

that expansion is possible, thus provid-

ing for wear. A particularly valuable

feature in this Gisholt reamer, according

to the makers, lies in the size and thick-

ness of the blades, each blade having
two cutting edges, and the best tool

steel is used in their construction. Also
the extra weight and width of stock used
materially reduces the liability of break-

age. The body is made of high carbon
steel, bored and slotted to fit standard
reamer arbours, and especial care is

taken in building these tools in order to

insure an accurate fit of the blade to the

body. They are now manufactured in

all standard sizes, in both hand and
machine reamers.

FOR INSPECTION SERVICE ON STEAM RAILROADS.

THE OLDS MOTOR WORKS, DETROIT, MICH.

SUCCESSFUL use of an automo-
bile for steam railroad service

was made by the Boston & Albany
Railroad recently, on trial trips on the

western section of its line,

near Pittsfield, Mass. This The Railroad

inspection car, made by the Auto-Car

Olds Motor Works, Detroit,

Mich., is identical in mechanical con-

struction with their regular Oldsmobile
runabout, except that it has flanged

wheels and no steering attachment.

The car was designed for one of the
Boston & Albany roadmasters, who had
a large territory to cover, and under
conditions hitherto existing it was im-
possible for him to give his section the

attention it required. This machine
meets the demand for a light car with

independent positive power for quick
runs to any part of a division and for

regular track inspection.

The working parts of the car are sim-

ple. The gasoline motor is started from
the seat, and a turn of the crank will

put the engine in motion. The car

frame is made up of steel tubing and
oak sills. The wheels are of pressed

steel, 20 inches in diameter, with a
width over all of 4^2 inches and a flange

1 inch high. The gasoline and water
capacity is sufficient for a trip of 100
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AN ELECTRIC TYPEWRITER MADE BY THE
BLICKENSDERFER MANUFACTURING

CO., STAMFORD, CONN.

miles, and a speed of about 40 miles an
hour can be attained. The car easily

mounted the heaviest grades and oper-

ated the automatic signals and spring
switches.

A number of these cars are used in

Western America, but the Boston &
Albany is stated to be the first steam
line in the East to use such a machine.
Many of these auto-cars have been
shipped to other countries, notably to

Great Britain.

A RECENT development in the ap-
plication of electricity to machine

operation is an electrical typewriter,

made by the Blickensderfer Manufac-
turing Company, of Stamford,

An Electric Conn. , and shown in the an-
Typewriter nexed illustration.

The electrical part of this in-

vention is a small motor, which is in-

corporated as a part of the machine,
and from which is received power to

move the parts. The machine is con-
nected to an incandescent light socket,

and the motor is under perfect control

of the operator by means of a con-
venient switch.

This machine is a new Blickensderfer

product, but embodies the main Blick-

ensderfer ideas, such as the type-wheel
instead of the type-bars, and the revolv-

ing ink-roll (on the principle of the
printing press) in place of a ribbon.

The superior advantages claimed for

this machine are:

—

(1) Ease of operation; (2) Speed;

(3) Visible writing; (4) Durability.

On the Blickensderfer electric type-

writer it is necessary for the operator to

but touch the keys lightly and the work
is done instantly. This rapidity of

movement of the type action permits of

the operator's fingers falling upon the

keys in rapid sequence, in exactly the

same way as do the fingers of an accom-
plished pianist. This is made possible

by an automatic key release, which en-

ables the operator to strike a key before

the preceding one has been released

(this is called the piano action), and
adds speed and ease of operation.

Being a power machine, it is a good
duplicator, and it will readily be seen

that the touch is no heavier in manifold-

ing than in regular work, so that it is

not necessary for the operator to make
hammers of his fingers.

Another entirely new device for the

saving of time is the automatic control

of the carriage. Just the touch of a

key, and the platen around which the

paper folds travels to right or left and

spaces the sheet for the next line. This

feature makes the operation continual,

as the keys for the carriage control are

at the right of the keyboard and do not

call on the operator to take his or her

hands out of writing position.

The machine is also a visible writer,

—that is, the writing is always in sight.

It also has interchangeable advantages,

such as a variety of types, colours of

rolls, and lengths of carriages. Twenty-
eight keys produce eighty-four char-

acters, and as the whole of the letters

and signs on the type-wheels are cast

into a solid block, perfect alignment is

assured.

Unlike all present machines, the qual-

ity of work done on this typewriter is

absolutely independent of the weight of

the operator's stroke. The work is

done by regular, definite mechanical

movements, hence the wear and tear

can be quite accurately estimated and
allowed for, so that it becomes merely

a question of making the parts heavy
enough to withstand the strain. But as

a matter of fact, the machine is so

smoothly driven that it is neither as

large nor as heavy as the present so-

called standard type-bar machines.
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THE EXHIBIT AT THE ST. LOUIS EXPOSITION OF THE A. !

PUMP WORKS, NEW YORK
CAMERON STEAM

THE"annexed illustration shows the

exhibit, in Machinery Hall, at the
St. Louis Exposition, of the A. S.

Cameron Steam Pump Works, of New
York, to whom

Cameron Steam Pumps was awarded a
at the St. Louis Exposition gold medal.

A number of

pumps were in actual service, the vari-

ous styles and sizes of these being de-

signed to meet all ordinary and special

requirements in mines, quarries, col-

lieries, railroads, rolling mills, plantation

irrigations and general pump service.

The sectional model, also on exhibition,

was arranged with the steam end and
water-valve chest open to view, showing
plainly the inside mechanism, and en-
abling the observer to understand the

simplicity of design and accessibility of

the various parts and the features which
conduce to durability.

The Cameron pump has no outside

valve gear or moving parts, and the

steam valve works in line with the piston

without the intervention of arms or
levers. This feature is designed to en-
able the pump to run without danger at

a great speed, and without liability of

injury should the suction pipe be lifted

out of the water. There being no dead

centre, they start at any point of the

stroke and run so slowly that the eye can

hardly detect the motion of the piston

rod, or they may be run at a high speed.

Besides a number of regular patterns,

a fuel oil pump and heater, for use in

connection with an oil-burning system,

was exhibited, its distinctive features

being the by-pass valves and piping, to

avoid, when desired, pumping oil

through the heater. Thus exhaust

steam may be utilised to heat the oil to

any degree necessary by using the by-

pass in connection with it. There were
also an oil line pump for pumping crude

oil or a fine petroleum, a vertical boiler

feed pump, a vertical deep well engine,

several contractors' differential pumps,
and vertical plunger and piston sinking

pumps for mine service.

Another type shown was a large pot

valve pump, designed for mine station

pumping and heavy service. This is

for use especially in mines subject to

floods due to surface drainages or work-
ings, or cutting into subterranean bodies

of water, which necessarily must be

pumped out in short order, and also

where the water is strongly impregnated

with sulphur and the use of the ordinary

iron pump is prohibited.
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SENSITIVE BENCH DRILL MADE BY WILLIAM GARDAM
NEW YORK

MESSRS. WILLIAM GARDAM &
SON, Inc., New York, have just

brought out a new model of their No. i

sensitive drill for the special use of op-
ticians, jewelers, and

A New Model wherever a first-class

Sensitive Bench Drill tool is required for del-

icate work. As may
be seen from the annexed illustration,

there are novel features about it to

which attention may be called.

The drill, while capable of being ad-

justed to accommodate the work, re-

mains at a stationary height while drill-

ing, the table being raised or lowered
by a lever operated by the arm of the

workman, who thus has both hands free

to direct his work. This lever is

equipped with an arm rest and swings
around within a wide radius, so that the

raising cr lowering of the table may be
accomplished either by the right or left

arm of the workman. The table is fitted

with a centre, and the spindle can be
bored to suit the needs of the purchaser.

The spindle has a long bearing, and
can be taken out without disturbing the

pulley or bushing on which it runs.

There is no belt pull upon the spindle,

the pull of the belt being taken up by
the frame of the machine, and increased

rigidity is given by the

substitution of lugs upon
the frame for the guide

pulley bracket of former

construction. If de-

sired, a diamond can be

inserted directly in the

spindle, thereby reduc-

ing the vibration and

saving the extra fitting

of the shank needed to

hold the diamond. For
ordinary purposes drills

up to 3-16 of an inch

may be fitted to the ma-
chine by means of a

chuck. While the ma-
chine is shown in posi-

tion to be driven from

a countershaft located

above the drill, it can as

readily be driven from

below by merely chang-

ing the shaft to the

lower holes shown.

William Gardam & Son have been

making this description of tool for about

thirty years, so that this little machine,

which is sold for a few dollars, repre-

sents the results of an experience of a

generation in manufacturing and in the

actual use of the tool.

THE illustration on next page shows

the
'

' Liberty' ' boiler-tube cleaner,

made by the Liberty Manufacturing

Company, of Pittsburgh. This type of

cleaner was developed

by the company after A Turbine

taking over the busi- Boiler-Tube Cleaner

ness of the Chicago
Boiler Cleaner Company, of Chicago,

makers of the Chicago cleaner, and the

boiler cleaning business of the Sher-

wood Manufacturing Company, of Buf-

falo, makers of the
'

' Niagara
'

' cleaner.

Both of these latter types have been im-

proved by the company.
The machine consists of a powerful

water turbine driving a cutting head, in

which are mounted freely swinging

arms. The centrifugal force due to the

high rotary speed of the machine causes
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these arms to fly out like governor balls.

On the free ends of the arms are mounted
rotating cutting wheels which strike the

scale, producing a combined cutting,

hammer and drill action. The principle

involved is the same on all three ma-
chines. The '

' Chicago
'

' and '

' Niag-
ara " have stationary shafts upon which
ball bearings are mounted and around
which the turbine wheel revolves. In

the
'

' Liberty
'

' machine the ball bear-

ings are dispensed with, and a peculiarly

constructed bearing, resembling a thrust

bearing, is used, which is found to pos-

sess some advantages over the ball bear-

ing arrangement, as used in the " Ni-

agara
'

' and '

' Chicago
'

' machines,

when the machine is used on very

heavy scale.

The '

' Niagara
'

' type machines are

used on scale up to }i inch in thick-

ness. For heavier scale, the '

' Chi-

cago " and " Liberty" are preferred,

as the motors are more powerful, and
the attachments furnished help in the

work. For this heavy work both are

provided with a universal coupling,

which connects the cutting tool with

the turbine. This flexible connection

relieves the machine from shock and
very materially prolongs the life of the

wearing parts. The universal coupling

is also particularly well adapted for

cleaning bent tube boilers. Where
scale is in excess of y2 inch in thick-

ness, or is of very hard nature, the freely

swinging arm head is removed and a

peculiarly shaped drill is attached to the

universal coupling. With this arrange-

ment tubes can be cleaned that are en-

tirely filled up with scale.

In operating the tool a water connec-

tion is made with it through a hose.

The tool is inserted in the boiler tube,

the water turned on, and the operator,

grasping the hose, feeds it gradually

into the tube as fast as the scale is re-

moved. He can, after a little expe-

A BOILER TUBE CLEANER MADE BY THE LIBERTY
MANUFACTURING CO., OF PITTSBURGH

rience, determine how fast to feed by
the sound of the tool cutting in the tube.

A great advantage claimed for this type

of machine is that it does not in any
way injure the tubes. The cleaners are

made in sizes for tubes from i ^ inches

in diameter up to any size required.










